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ABSTRACT 
The world’s agricultural soil resources continue to degrade due to rates of soil erosion 
and organic matter oxidation exceeding those found in native systems.  This degradation is 
generally the result of intensive soil tillage, resulting in decreased amounts of soil residue 
cover, high runoff rates, and decreased soil organic matter.  Degradation pressure is likely to 
increase in the future due to harvesting of plant residues for bioenergy and increased peak 
intensity of rainstorms due to climate change, increasing soil detachment and transport. 
Developing effective solutions to these problems require the use of models to 
estimate the extent and severity of these impacts across the landscape.  Once impacts are 
known, appropriate management practices can be selected to counteract these effects.  
However, implementation of these models will require data on land management practices at 
the field level, a resolution not currently possible with any routinely collected dataset.  This 
requires the development of new methods to efficiently gather a large amount of quality data. 
To this end, methodologies were developed for automatically determining 
management unit boundaries, corresponding crop and residue cover, and estimating surface 
roughness.  Testing was conducted on agricultural fields in Boone, Hamilton, and Story 
counties in central Iowa with management unit area estimated to within 10% of the mean and 
management unit centroids located within 30 m on average and 165 m at a maximum.  Crop 
cover was correctly identified better than 95% of the time.  Errors were within USGS 
standard where applicable.  Methodologies for determining residue cover were also 
determined, with an RMSE of 0.08 before green vegetation emergence and 0.11 after 
emergence.  These errors compare favorably with the +/- 0.10 error in determining residue 
cover using published measurement methods.  Radar estimation of surface roughness was not 
successfully demonstrated, as no difference was observed in radar backscatter between 
different surface roughness values.
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CHAPTER 1.  OVERVIEW 
“The soil which kept breaking away from the highlands keeps continually sliding 
away and disappearing into the sea.  What now remains, compared with what existed earlier, 
is like the skeleton of a sick man, all the fat and soft earth having wasted away and only the 
base framework of the land being left.” 
         Plato (400 BC) 
1.1 Introduction 
Soil.  The Earth’s skin influences terrestrial and aquatic processes to extents that are 
not entirely understood, although soil’s importance has been known since before Plato.  Its 
various physical, chemical, and biological properties, from bulk density, texture, organic 
matter content, and tortuosity, to albedo, salinity, cation exchange capacity, and 
mineralization rates affect the earth’s climate, global carbon balance, and plant yields to 
name but a few.  One human activity, tillage, has the power to alter all of these properties.  
Increasing human population and development of the internal combustion engine has 
increased greatly both the expanse and intensity of tillage over the past century, decreasing 
the human labor required for crop production, but often reducing a soil’s productive capacity. 
These realizations were hardened in the US during the Dust Bowl years of the 1930s, 
when drought and conventional tillage contributed to one of our nation’s worst periods of soil 
degradation and led to the US Congress sanctioning an 18 month trip by the assistant chief of 
the Soil Conservation Service (SCS, now Natural Resource Conservation Service, NRCS), 
W. C. Lowdermilk, to study the influence of soil degradation (primarily soil erosion at that 
time) on current and past civilizations.  In “Conquest of the Land through Seven Thousand 
Years” (1953) he chronicled his visits to Europe, the Middle East, Africa, and China, noting 
that the collapse of numerous ancient civilizations occurred due to both on-site and off-site 
impacts of soil erosion.  The ancient city of Babylon in present day Iraq was a thriving city 
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until sediment due from cultivation and grazing of the mountains above the city caused the 
irrigation works of the Tigris and Euphrates rivers to fill with silt and cease to function.  The 
Hundred Dead Cities region of Syria faced a similar fate when three to six feet of top soil 
eroded after a Persian invasion and subsequent neglect of soil and water conservation 
measures.  Timgad, a Roman city of North Africa was covered in dust from soil erosion after 
nomadic invasion in the seventh century.  Similar tales of silt choking irrigation works were 
found in the Yellow River area of China where erosion has carved gargantuan, 600-foot deep 
gullies out of vast loess deposits.  The story ends with a sober assessment of the effects soil 
erosion in the United States and possible methods to deal with these problems. 
The SCS (and NRCS) later went on to help spearhead one of the greatest changes in 
cultivation of the soil in the history of mankind.  Research and development into tillage 
systems led to the introduction of mulch-till, ridge-till, and no-till systems that protect the 
soil from degradation and still maintain high yields.  Adoption of these practices increased 
nationwide from 1982 to 2003 as soil erosion from water and wind decreased from 7.3 tons 
per acre per year to 4.7 tons per acre per year (NRCS, 2006).  However, about 28 percent of 
the nation’s cropland is still eroding at rates above the established tolerable soil loss rate (T).   
However, many researchers believe the currently defined tolerable rate does not reflect soil’s 
true, lower replenishment rate (Troeh et al., 1991). 
Research and education into the importance of soil to our environment continues to 
this day.  The June 11, 2004 issue of Science focused specifically on Soils – The Final 
Frontier.  Various articles surveyed the degradation and loss of soil across the globe, soil 
management protocols for carbon sequestration, and the possibilities of carbon dioxide 
liberation from the thawing of frozen soils in the Arctic.  Additional research focused on the 
duet of soil fungi and plant roots and the biodiversity discovered in a few cubic centimeters 
of soil using genetic markers. 
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Based on prior experience and current knowledge, it would be expected that a 
resource so valuable and irreplaceable would already be protected from degradation.  
However, as with many resources that are seemingly limitless, resource degradation and 
consumption does not often occur in one fell swoop but in many small events that 
cumulatively degrade the resource beyond recovery.  This gradual degradation ensures that 
there is no “tipping point” that sparks a change to better management, just as was observed in 
the many failed civilizations.  Degradation of the soil generally results from excessive tillage 
and is caused by two natural processes, erosion and organic matter oxidation, which can 
quickly degrade soils when occurring at an accelerated rate.  The remainder of this 
dissertation will focus on chronicling the extent of these issues, recent developments 
impacting erosion and organic matter oxidation, and development of technology to monitor 
the tillage that leads to these environmental issues. 
1.2 Soil Erosion 
Soil erosion’s wind and water transport components have resulted in the modern land 
surface of uplands and valleys that we now recognize, although both of these processes are 
now accelerated by tillage.  Water erosion, which is responsible for about 2/3 of the soil 
degradation by erosion (Oldeman, 1994), has been shown time and again to be increased by 
the tillage of soil and consequent burial of protective residue cover (Potter et al., 1995; 
Blough et al., 1990; Unger, 1992), allowing increased formation of surface crusts or seals and 
detachment of soil particles.  These crusts form due to the kinetic energy of falling raindrops 
(McIntyre, 1958) and the dispersive effects of the nearly pure water contained in these 
raindrops (Agassi et al., 1981).  They also greatly increase the amount of runoff from a given 
rainfall event (Baumhardt and Lascano, 1996; Potter et al., 1995; Unger, 1992), enhancing 
the ability to transport soil in flowing water and consequently increasing rill and channel 
erosion. 
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This erosion has been shown to reduce soil productivity (Craft et al., 1992; Pierce et 
al., 1984), with the reduction estimated at 20 to 90% (Mbagwu et al., 1984; Lal, 1987; 
Schumacher et al., 1994) depending on the productivity of the underlying subsoil.  Lal (1998) 
estimated worldwide that about 75 billion tons of topsoil are lost each year at a cost of about 
US$400 billion per year.  Pimentel et al. (1995) estimated annual off-site and on-site costs 
are estimated at $17 billion and $27 billion, respectively, in the US alone.  On-site 
productivity losses come from numerous sources: the loss of fertilizer nutrients, decrease in 
the hilltop rooting zone and available water, and decrease in hilltop and valley soil structure 
due to particle translocation.  Off-site erosion costs stem from sediment and the 
accompanying turbidity that make it harder for organisms to find food, grow, and reproduce 
(Clark, 1987), decreased enjoyment of recreation (boating, swimming, diving) and filling of 
water storage structures and navigation channels. 
The quantity of soil lost to erosion is dependent on a number of factors: rainfall 
characteristics, soil type, slope, and length, soil and crop management and soil conservation 
practices (Hudson, 1995).  These factors vary across the landscape, resulting in sometimes 
substantially different soil erosion losses across small areas.  When combined with large 
precipitation events, as were experienced in Northeast Iowa during the spring of 1999 
(Ballew and Fischer, 1999), sometimes severe local erosion losses result. It is these extreme 
events that are responsible for the majority of the damage in most situations (Ghidey and 
Alberts, 1996). 
1.3 Soil Organic Carbon Depletion 
While concerns about soil erosion date back thousands of years, soil organic carbon 
(SOC) depletion has only in recent decades become an environmental concern as the role of 
organic matter in soil quality became well known.  After much discussion in recent years, 
consensus has been building on its importance and the recently developed soil conditioning 
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index (SCI) of the NRCS (1999) estimates the amount of organic material returned to the soil 
as an indicator of the sustainability of management practices. 
Loss of organic matter can occur through numerous different methods.  Our first 
concern, soil erosion, preferentially removes organic material due to its concentration in the 
surface horizon and its low bulk density, enabling easy transport by wind or water.  For these 
reasons the enrichment ratio (the ratio of concentration in eroded sediment to that of the 
source matrix) for SOC is >1 and often as high as 3 to 5 (Lal, 1976; Zobeck and Fryrear, 
1986), contributing to the off-site erosion impacts mentioned previously.  Residue removal, 
as occurs in grain silage systems, was studied by Karlen et al. (1994) when no-till systems 
with 100% residue removal, no residue removal, and 100% residue addition were monitored 
over 10 years and found that systems with residue removal had negative changes in most 
biological indicators including lower soil carbon, microbial activity, fungal biomass, and 
earthworm populations.  In addition to erosion and residue removal, Follet (2001), among 
others, have noted a decline in SOC following cultivation with more intensive operations 
causing more carbon emissions.    
Alternatively, research also shows that increased levels of soil organic matter 
increases crop yields, especially in soils that are depleted (Johnston, 1986) but also in 
situations involving high input commercial agriculture (Bauer and Black, 1994).  Wheat yield 
increases of 27 kg/ha were documented in North Dakota (Bauer and Black, 1994) and 10 
kg/ha increases of corn and 1 kg/ha increases of cowpea (Lal, 1981) in Nigeria were 
documented from the addition of 1 ton per acre of SOC, lending hope for some of the world’s 
degraded soils to recover their previous productivity.  These changes in SOC don’t just occur 
with residue addition, as increases in SOC have been documented when appropriate 
management techniques such as no-till and ridge-till are used (Halvorson et al. 2002, 
Moorman et al. 2004). 
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Crop rotations have also been shown to have a significant impact on the organic 
carbon status of soils.  In a sorghum and soybean rotation trial in Kansas (Havlin, 1990), 
continuous sorghum produced the most residues and the highest organic carbon content in 
the soil, with sorghum/soybean and continuous soybean producing sequentially decreasing 
amounts of residue and SOC.  A study of corn, soybean, and meadow rotations in Ohio found 
similar results, with high residue continuous corn and corn-oats-meadow rotations resulting 
in higher SOC content than a corn-soybean rotation (Dick et al., 1986a; 1986b).  Generally, 
increasing rotation complexity enhances SOC accumulation, with the exception of the change 
from continuous corn to corn-soybean due to the low residue production of soybeans (West 
and Post, 2002). 
1.4 Bioeconomy Impacts on Soil Erosion and Soil Carbon 
The bioeconomy, defined as the commercial conversion of plant materials into 
energy, chemicals, plastics, and other materials, has recently become a significant, growing 
part of the economy.  The bioeconomy is projected to rely upon agricultural production to 
obtain its feedstocks, primarily through the harvest of grain and residue, and may have 
potentially tremendous impacts on both soil erosion and SOC. 
The current bioeconomy push got its start in the energy crunch of the 1970s when 
high oil prices caused alternative energy sources to become a focus of government research 
dollars.  The fermentation of sugars to ethanol, such as those in corn grain, was one of those 
focuses.  This technology resulted in the wet and dry-mill corn ethanol plants that are in 
production today.  Interest was also high in the use of crop residue to convert lignin and 
cellulose into ethanol (Larson, 1979), although technological hurdles were not overcome to 
make lignocellulosic conversion economical before oil prices declined. 
Recent geopolitical developments in the Middle East, the continuing rise in global 
energy consumption, and 2005 hurricane season disruptions of Gulf Coast energy production 
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have again raised oil prices and, along with increasing climate change concerns, have led to 
renewed interest in bioenergy and reconsideration of the United States’ national energy 
program.  The Biomass R&D Technical Advisory Committee, a panel established by 
Congress to guide the future of federally funded biomass R&D, envisioned a 30 percent 
replacement of currently US petroleum consumption with biofuels by 2030. 
Accomplishment of such a goal would require approximately 1 billion dry tons of 
biomass feedstock per year.  The US Department of Energy (DOE) and the US Department 
of Agriculture (USDA) have taken a leading role in support of this goal, recently publishing 
the study: “Biomass as Feedstock for a Bioenergy and Bioproducts Industry: The Technical 
Feasibility of a Billion-Ton Annual Supply” (Perlack et al., 2005) to investigate possibilities 
of achieving this vision.  In this study, agriculture, the third largest land use in the US after 
forests and rangeland, would contribute 998 million dry tons of residue, or approximately 
73% of the total 1.366 billion tons of biomass envisioned by the study to be available.  The 
remaining 27% would be provided by forest derived biomass.  Multiple scenarios of 
agricultural production of biomass residue concluded that corn stover would be either the 
overwhelmingly major source of biomass under a business as usual scenario or share first 
place with perennial vegetation, such as switchgrass, if perennial production was encouraged 
as a source of biomass for conversion.  Grain conversion to biofuels, primarily corn to 
ethanol and oil crops to biodiesel, will also be a significant contributor to a renewable energy 
supply with corn grain conversion to ethanol is projected to remain the dominant source as 
well.  This dependence on corn is due to both the large areas over which corn is grown (70 
million acres) and large yields and amount of biomass (stover) that a corn plant leaves in the 
field after grain harvest (10 Mg/ha). 
No matter which scenario comes to pass, a significant portion of residue will be 
removed from the soil surface.  Current soil conservation Best Management Practices 
(BMPs) dictate that the most effective methods for reducing erosion and maintaining soil 
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carbon are no-till systems that leave all residual plant biomass in the field to cover the soil 
surface.  However, the study suggests that between 33 percent and 68 percent of the corn 
residue would be removed under different levels of no-till adoption, with 68 percent average 
national removal being achievable under 100% adoption of no-till; that level would still 
restrict soil erosion to T.  As soil loss is not consistent across a field, the NRCS (2006) 
recommends the implementation of site specific strategies so that residue harvest rates don’t 
negatively impact future soil productivity.  This includes suggestions such as harvesting only 
high biomass yielding crops during good years, variable rate or no harvesting on hillsides, 
and lower harvesting rates on coarse textured soils. 
1.5 Climate Change Impacts on Soil Erosion and Soil Carbon 
Climate change impacts will spread well beyond just the basic rise in temperature and 
ocean levels that is commonly predicted.  Climate change will also likely increase the 
intensity of the most extreme precipitation events, resulting in elevated rates of runoff and 
erosion.  In a study by the Soil and Water Conservation Society (2003) it was observed that 
two computer models used to estimate the impacts of future climate change both showed 
increased intensity of extreme precipitation events.   An examination of US precipitation 
records has resulted in a similar conclusion; since 1970 precipitation over the contiguous 
United States has tended to remain above the 20th century mean, averaging about 5 percent 
more than the previous 70 year average (Karl et al., 1996).  This increase was not consistent 
throughout the year, as mean precipitation for the period from 1910 to 1996 did not increase 
in the winter, but did increase 10 percent in spring, 7 percent in summer, and 15 percent in 
autumn.  The increase also was not consistent across storm intensity, as the heavy and 
extreme daily precipitation events account for the majority of the increase in precipitation 
amounts (Karl and Knight, 1998).  These findings have been echoed around the globe in a 
study by the Intergovernmental Panel on Climate Change (IPCC, 2001) 
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These results have been used to modify the rainfall factors in numerous erosion 
models to predict future trends.  Phillips et al. (1993) used the change in precipitation from 
four different climate change models to modify the USLE model R factor for all Natural 
Resource Inventory sample points across the US assuming one of two different scenarios.  If 
precipitation increase occurred through a change in storm frequency only, erosion increases 
ranged from 2 to 8 percent, depending on the climate model used.  However if precipitation 
increased only through a change in storm intensity, erosion increases ranged from 5 to 16 
percent, depending on the model used.  Similar numbers have been returned by multiple 
other studies.  Extrapolation of the observed trends in precipitation intensity increase over the 
past century leads similar conclusions as well: estimated increase in runoff will be from 6 
percent to 100 percent and erosion will increase from 4 percent to 95 percent. 
Although climate change is likely to have additional negative impacts on soils, such 
as lower soil organic matter contents if business continues as usual (Wiebe, 2004), the soil 
also has the ability to remediate climate change.  Climate change was initially linked to 
elevated carbon dioxide concentration in the atmosphere, but as evidence for climate change 
has increased, concern has expanded to include additional greenhouse gases, such as methane 
and nitrous oxide.  However, carbon dioxide continues to be the main focus, spurring 
research into soil organic matter due to its significant role in the global carbon cycle.  If one 
excludes carbon fixed in geologic formations, global soil carbon is the third largest carbon 
pool after oceanic and fossil fuel carbon reservoirs, and is the only one which can easily be 
enlarged using present technology (Lal, 2004).  Its size, approximately 2500 gigatons (Gt) 
(Lal, 2004), is split between SOC and soil inorganic carbon fractions in the ratio of 62% to 
38% or 1550 Gt and 950 Gt, respectively.  Either reservoir alone is larger than the size of the 
two more readily identifiable carbon reservoirs, atmospheric C and biotic C, with the total 
soil carbon pool being 3.3 times larger than the former (760 Gt) and 4.5 times larger than the 
latter (560 Gt). 
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To date terrestrial ecosystems have been a net source of carbon dioxide, contributing 
more CO2 to the atmosphere than fossil fuels when all human land conversion is considered 
(Lal, 2004).  However, terrestrial ecosystems’ position as a significant reservoir of carbon 
and the ability to manage their carbon status also makes them uniquely qualified as a method 
to mitigate the severity of global climate change.  To maximize the rate of carbon 
sequestration producers must adhere to a set of BMPs which encourage organic carbon 
buildup in the soil by decreasing the aeration and drying of soil and the subsequent oxidation 
of organic matter (Lal et al., 1999). 
1.6 Precision Conservation to the Rescue! 
Although the problems we face may seem insurmountable at times, there are clues to 
their solution in the description of the problems.  Soil erosion can be reduced through the 
application of no-till and other conservation tillage programs, which also increases organic 
carbon sequestration.  To simulate the degradation caused by erosion and SOC depletion and 
the effects of the BMPs that can be implemented to combat the problems numerous models 
have been developed.  Models such as SWAT, WEPP, USLE, RUSLE2, WEPS, CENTURY, 
EPIC, and AGNPS have all been designed and successfully implement to address one or 
more of these problems.  Originally these models were used on a site specific basis (generally 
hillslope to field scale), with inputs developed and model runs conducted on an as-needed 
basis.  This has resulted in a “shotgun” approach to conservation, with adoption of 
conservation practices only occurring where conservation interest, initiative, and financing 
intersect, and not where the greatest environmental benefit will be realized.  Development of 
these models has now been focused on running these models over multiple sites to target the 
most effective area for conservation practice implementation, a practice that has been termed 
“precision conservation”. 
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Precision conservation has consequently become one of the current hot topics in 
conservation science.  The November/December 2005 issue of The Journal of Soil and Water 
Conservation focused exclusively on precision conservation technologies such as 
determining optimum conservation buffer widths in variable slope fields (Dosskey et al., 
2005), modeling nutrient distribution under different management systems and landscape 
positions (Balkcom et al., 2005), modeling carbon sequestration rates under different 
landscape and tillage systems (Terra et al., 2005), and modeling watershed erosion/runoff 
using a linked SWAT/WEPP model (Renschler and Lee, 2005).  Precision conservation is the 
idea behind another related technology that catalyzed this dissertation research; the Iowa 
Daily Erosion Project (IDEP, Cruse et al., 2006) uses the WEPP model to estimate erosion 
and runoff across the state on a daily basis. 
Generally, these precision conservation models and the other models mentioned 
previously all require specific information on crop rotations and tillage practices, and 
sometimes additional information on fertilizer, herbicides, and irrigation.  The application of 
these models in a precision conservation system also requires additional geo-location 
information to target the areas that are most critical to conservation efforts.  However, as 
critical as this data is to the future of precision conservation efforts, there are currently no 
datasets of this kind available. 
This lack of appropriate data means that current precision conservation projects, such 
as the IDEP mentioned above, rely on outdated, alternative datasets such as the 1997 Natural 
Resource Inventory or the biennial National Crop Residue Management Survey.  These 
datasets were not designed to serve as model inputs, requiring assumptions of often unknown 
error for implementation.  They are also low-resolution; hence they don’t allow targeting of 
conservation efforts at the field level where conservation decisions ultimately are made.   
Development of such a dataset would also facilitate reporting of crop acreage, rotations, and 
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conservation tillage adoption by creating a consistent methodology that could quickly cover 
large areas. 
Geographic Information Systems (GIS) already contain some of this information.  
Currently, data on topography is available from USGS Digital Elevation Models available at 
multiple resolutions.  Soils properties can be obtained and inferred from STATSGO and 
Level 2 digital soil surveys from the NRCS.  If we use the IDEP requirements as a reference 
for a geo-located precision conservation land management dataset, necessary data includes: 
soil erodibility values, slope length, slope steepness, tillage practices, and crop rotations.  
Considering the ready availability of GIS data on soils and topography, this leaves 
information on crop rotations, tillage practices, and the management units over which these 
properties are consistent as the remaining barriers to implementation of the IDEP. 
1.7 Objectives 
To overcome problems with current environmental datasets and enable more efficient 
modeling and implementation of conservation problems and practices, problems with current 
methods of collecting data must be overcome.  The desired method must both efficiently and 
rapidly cover large areas of ground to keep costs low and data current.  If we are to satisfy 
these criteria, only one viable option remains: remote sensing data collection and 
interpretation.  However, problems exist with implementation of this approach: delineation of 
management units and determination of associated crop and residue cover based on satellite 
collected data have never been rigorously tested or validated.  To remedy this problem, a 
research project was undertaken with the following objectives: 
• Development and validation of a methodology to accurately determine 
management units and crop cover  
• Development of improved algorithms for remotely determining and mapping 
fractional residue cover 
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• Evaluation of theorized radar methodologies for determining surface 
roughness 
• Combination of the above residue cover and surface roughness data into an 
accurate land management/tillage type map 
It is theorized that a remote sensing approach combining both residue cover and 
surface roughness data can provide more information about land management than either 
dataset alone due to the similar characteristics of some management strategies when only 
considering either surface roughness or residue cover.  A proposed relationship is shown in 
Figure 1.1given below: 
Figure 1.1 Proposed Residue Cover/Surface Roughness Relationship to Tillage 
1.8 Dissertation Organization 
Development and analysis of each of these methods will be expanded upon in 
chapters two through four and is followed by a chapter of general conclusions.  Chapter two 
focuses on development of the methodology to delineate management units.  Chapter three 
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follows with development of methods for estimating residue cover in the presence of green 
vegetation.  Chapter four evaluates determination of surface roughness using radar 
backscatter.  Brian Gelder was the primary researcher and writer for all of the chapters.  
Richard Cruse assisted in algorithm development of chapter two and assisted in editing 
chapters three and four.  Amy Kaleita assisted in editing chapter two and algorithm 
development and implementation of chapters three and four. 
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CHAPTER 2.  AUTOMATED DETERMINATION OF 
MANAGEMENT UNITS FOR PRECISION CONSERVATION
A paper to be submitted to the Journal of Soil and Water Conservation 
Brian Gelder, Richard Cruse, Amy Kaleita 
2.1 Abstract 
The use of models to target conservation efforts, or “precision conservation,” has 
become a research interest due to its ability to evaluate different conservation practices in 
multiple areas and determine where conservation expenditures will provide the best return.  
Implementation of these models requires detailed data on land surface properties and 
management; however, this data is often not readily available due to the costs involved in 
manual data collection, reducing the models’ usefulness.  The intelligent intersection of 
USDA Common Land Unit maps, which define the boundaries of agricultural lands, with 
vegetative cover maps, represented by the USDA Cropland Data Layer, can provide an 
efficient way to accurately determine field boundaries, crop cover, and when compiled over a 
period of years, crop rotations.  The resulting map can also be used in conjunction with other 
technologies to determine the field average of other properties such as residue cover, tillage, 
yield, biomass production, or rainfall. 
2.2 Introduction 
Precision conservation, or “a set of spatial technologies and procedures linked to 
mapped variables directed to implement conservation management practices that take into 
account spatial and temporal variability across natural and agricultural systems” (Berry et al., 
2003), has become the new catch phrase in natural resources conservation as it has been the 
focus of many recent research articles.  A similar term, “precision agriculture,” came into 
vogue in the early 1990s but due to various problems with technology implementation the 
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word began to represent unfulfilled promises and has now been commonly replaced by 
synonyms such as “site-specific agriculture”.  The term precision conservation is 
approaching a crossroads similar to that of “precision agriculture” and unless technologies 
advance to overcome the current inability of remote sensing and GIS to help conservation 
professionals target conservation practices, "precision conservation" is under threat of going 
the same way. 
The November/December 2005 issue of The Journal of Soil and Water Conservation 
focused exclusively on precision conservation technologies such as determining optimum 
conservation buffer widths in variable slope fields (Dosskey et al, 2005), modeling nutrient 
distribution under different management systems and landscape positions (Balkcom et al, 
2005), modeling carbon sequestration rates under different landscape and tillage systems 
(Terra et al., 2005), and modeling watershed erosion/runoff using a linked SWAT/WEPP 
model (Renschler and Lee, 2005).  A related technology served as the motivation for this 
paper; the Iowa Daily Erosion Project (IDEP; Cruse et al., 2006) uses the WEPP model to 
estimate erosion and runoff across the state on a daily basis.   
In general, sub-field to watershed scale precision conservation modeling projects all 
require geolocated data on land surface properties, crop rotation, tillage, and other 
management practices.  However, datasets containing this information often do not exist or 
do not cover the entire study area, so alternative datasets are employed under assumptions of 
questionable, and often unknowable, accuracy.  In the case of the IDEP and many other 
modeling efforts, land cover and management inputs are obtained from the 1997 Natural 
Resource Inventory (NRI), which is the most recent nationwide survey of such data; however 
it contains data that is 9-13 years old.  Additionally, the sampling methodology employed by 
the NRI means that estimates below state level are not statistically supported, and 
geolocation of NRI sample points is not possible due to data confidentiality requirements.  
These inadequacies create problems when assessing the accuracy of the estimates provided 
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by the IDEP when crop rotations and tillage systems are extrapolated to present day 
conditions.  The tillage transect survey is another common method for gathering model input 
data; however, it has also been found lacking.  A study by Thoma et al. (2004) found that 
tillage transect surveys correctly classified only 45 to 77 percent of the fields in two to five 
residue categories, respectively, when compared to in-field line transect measurements.  An 
additional problem with the tillage transect survey is that data is generally not geolocated 
below the county level.   
Remote sensing is often used to map land cover to overcome some of these 
limitations, however, this method is still limited because of its disregard for anthropogenic 
boundaries.  Political boundaries, such as township, county, and state, are often the basis for 
conservation programs and reporting requirements.  Field boundaries often divide watersheds 
with fencerows, delineate the different management strategies of individual farmers, and are 
generally the final basis at which conservation decisions are made. 
These problems with existing data sources mean that consistent, up-to-date, 
information on field to watershed level practices are not generally available, however it is at 
this scale where modeling is being conducted and conservation decisions are made.  The 
availability of this data could also ease reporting of crop acreage, rotations, and conservation 
tillage adoption by creating a consistent methodology that could quickly cover large areas.  
The intelligent combination of previously developed GIS maps and remote sensing 
techniques has the possibility to create data on land surface properties and management in an 
approach suitable to update the IDEP and provide information for other modeling projects as 
well.  Necessary information for the IDEP includes geolocated data on soil erodibility values, 
slope length, slope steepness, tillage practices, and crop rotations.  Relatively static 
environmental data is generally available through GIS: soils information can be inferred from 
Level 2 digital soil surveys from the NRCS and elevation data will soon be available using 
Light Detection And Ranging (LiDAR) Digital Elevation Models (DEMs).  However, 
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information on rapidly changing environmental attributes, such as crop cover and rotations, 
fertilizer and herbicide applications, or tillage practices are not available.  Fortunately, these 
attributes are generally consistent throughout a field, defining management units where 
properties can be assumed uniform and conservation decisions can be influenced.   
The remaining portion of this paper will introduce a method to determine the 
boundaries of these management units, determine its crop cover as supporting data, and then 
analyze the accuracy of the product.  Accurate delineation of these boundaries is important as 
they will be the basis for producing quality estimates of crop rotations, tillage practices, and 
other management practices that are needed for the IDEP and other projects. 
2.3 Methods and Materials 
To continue with meaningful data development basic terminology must first be 
defined.  For further reference, a “management unit” is defined as an area that is owned or 
operated by the same person, contains the same crop, and is managed using the same crop 
management practices at the same time.  Rapid compilation of the boundaries of management 
units and its associated crop cover relies on the intelligent combination of two different 
datasets, the USDA Farm Service Agency (FSA) Common Land Unit (CLU) map, and the 
USDA National Agricultural Statistics Service (NASS) Cropland Data Layer (CDL) map. 
2.3.1 Ground Truth Data 
Visual assessment of previous crop cover and confirmation of management unit 
locations was conducted by collecting GPS point attributes in 83 randomly selected 
management units in November 2004 and 76 fields in November 2005.  Details on the crop 
cover of management units and the numbers of management units per CLU are given in 
Table 2.1.  Point attributes were then used in conjunction with 2 meter National Agriculture 
Imagery Program (NAIP) orthophotos from 2004 and 2005 to delineate polygons 
encompassing “true” field boundaries and define crop cover attributes of the selected 
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management units.  This method was similar to that used to originally define boundaries of 
the CLUs.   
Table 2 .1 Sampled Management Units Characteristics 
 MUs with Given Crop Cover MUs per CLU 
Year Corn Soybeans Alfalfa 1 2 3 
2004 51 31 1 37 20 2 
2005 36 39 1 45 14 1 
Numerous methods are available for evaluating the similarity of delineated areas or 
polygons.  Methods of determining similarity used for object recognition are highly rigorous 
but their results are beyond the scope of this article.  However, some metric is needed for 
comparison between true and estimated management boundaries.  For this paper the polygon 
attributes of area and centroid were chosen to assess the accuracy of the above method in 
delineating management units.  To assist in this analysis ArcGIS 9.2 (ESRI, 2006) was then 
used to calculate the area and centroid locations of both “true” and calculated management 
delineated using the different methodologies. 
2.3.2 USDA FSA CLU Map 
The USDA FSA has recently developed the CLU map for all agricultural counties 
across the United States to enable quick and easy determination of acreage values and 
locations for administering government programs.  An example is shown in Figure 2.1 of the 
approximately 4x4 mi. area near Story City in central Iowa.  A CLU is the smallest unit of 
land that has a: 
• permanent, contiguous boundary; 
• common land cover and land management; 
• common owner; 
• common producer association. 
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Figure 2.1 CLUs near Story City, IA 
CLUs are closely related to the land units such as parcels, farmsteads, and lots that 
are used by the Natural Resource Conservation Service (NRCS), Risk Management Agency 
(RMA), and Rural Development (RD) programs.  Boundaries were hand digitized at a scale 
of 1:4800 using aerial photography in NAD 83 UTM coordinates as a basemap and were 
finalized in consultation with the farmers responsible for the ground.  Boundaries are 
accurate to within approximately 3 meters.  CLU maps with the complete set of attributes 
(Shape, Area, Perimeter, Fields ID, State Federal Information Processing Standards (FIPS) 
Code, County FIPS Code, Tract, Farm CLU Number, Calculated Acres, Highly Erodible 
Land Code, Unique IDentifier, and Comments) can only be released to USDA Service Center 
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Agency (SCA) offices and cannot be released to the general public.  The version available to 
the general public (http://datagateway.nrcs.usda.gov/) has been stripped of most attributes 
and contains only boundaries and areas.    
The problem with using the CLU map as management unit boundaries is that the FSA 
definition of common land cover includes most types of cultivated field crops (i.e. corn, 
soybeans, wheat, alfalfa) as the same land cover, meaning this dataset does not define 
management unit boundaries as it contains no information on crop type within the 
management unit.  This necessitates the use of the NASS CDL to support the CLU map. 
2.3.3 USDA NASS CDL Map 
The Cropland Data Layer is a remotely sensed map of each year’s crop cover that is 
tailored to the needs of each state, or portion of a state, for which it is produced.  It is 
produced by the Research and Development Division of USDA NASS and is currently 
available for all or parts of 21 states with coverage dates varying from state to state (see 
Figure 2.2).  More details are available on the CDL website 
(http://www.nass.usda.gov/research/Cropland/SARS1a.htm). 
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Figure 2.2 CDL availability (from CDL website) 
The CDL uses Landsat 4/5/7, Indian Remote Sensing (IRS) 1C and IRS-P6 
Resourcesat 1 imagery collected at multiple dates throughout the growing season combined 
with ground truth data to produce estimates of land cover (Figure 2.3).  The area around 
Story City in central IA will be shown in all figures to represent the Boone, Hamilton, and 
Story county area where management unit delineation was conducted.  Generally two cloud 
free images are collected for each analysis area, optimally one in the spring and one in the 
summer, however spring imagery may be substituted with fall imagery if it is not available.  
Ground truth data is collected at the same time as the NASS June Agricultural Survey, which 
is a spatially representative national survey of land cover.  The survey focuses on cropland 
but all land covers are recorded, with land not under cultivation lumped into broad categories 
including urban, water, wetlands, clouds, pasture/rangeland, and woods, resulting in 
decreased cover type resolution in these categories.  Satellite imagery and ground truth data 
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are then input into the PEDITOR image processing package and classified images are then 
returned.  State images are then coded using a consistent system throughout the US. 
Figure 2.3 2004 CDL near Story City, IA 
Each state image is divided into multiple analysis districts for which omission-
commission error matrices are available.  Each analysis district represents areas composed of 
the same combination of input imagery.  For Iowa Analysis District 04 in 2004 and 2005, 
which contained the evaluation area, the classification accuracy is generally high for corn and 
soybeans (>96% both years), with accuracy for other crop such as Alfalfa and 
Pasture/Range/CRP covers decreasing to 88% and 65% accuracy in 2004 and 40% and 49% 
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in 2005, respectively.  Alfalfa was most often incorrectly identified as soybeans and pasture 
and Pasture/Range/CRP was most often incorrectly identified as fallow and pasture.  Later 
imagery dates in 2005 (7/17 and 9/3) when compared to imagery dates in 2004 (6/12 and 
8/15) likely account for the decrease accuracy in 2005.  Generally these errors in crop type 
determination are not serious enough to limit use of the data for erosion modeling, as pasture 
and hay crops have somewhat similar erosion reducing characteristics as demonstrated by 
their equivalent USLE C (Conservation) factor of 0.02 (Wischmeier and Smith, 1978).  
Although accurate with regards to its goal of classifying crop cover, the CDL is 
inadequate by itself for the objective of mapping management units due to the limitations of 
moderate resolution thematic rasters.  Adjacent management units containing the same crops 
will not be reliably split due to the small size of features such as fencerows that delineate 
management units when compared to the 30 m image resolution.  Additionally, as with most 
remote sensing data used to classify land cover that is not high contrast, the NASS cropland 
data layer contains a large number of incorrectly classified pixels and correctly classified 
pixels that are not representative of the predominant crop in the field (Figure 2.3).  This is 
due to a number of factors such as poor spectral differentiation between land cover types, 
delayed maturity due to late planting, selection of non-optimal image acquisition dates due to 
cloud cover or satellite failure, or replanting of closed depressions due to early season 
flooding.   
2.3.4 Fusion of CLU and CDL Datasets 
The different limitations of the CLU and CDL dataset mean that combining the 
strengths of each data layer can provide an accurate map of management units.  This is 
because the CLU map provides information on general land cover type boundaries but not 
the actual crop grown as this can change from season to season or year to year.  The CLU 
dataset essentially defines an outer limit for the management units by removing non-
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agricultural land from classification.  It also identifies areas with the same owner/operators; 
these areas are assumed to have the same management practices applied throughout.  The 
NASS CDL, which is updated yearly, complements the CLU by defining areas that are being 
cropped similarly.  When overlain, these two maps show areas with the same 
owner/operators (similar management of all practices) and similar crop cover. 
2.3.5 Minimum Field Size Determination 
Raster analysis of all CLUs within a state will quickly overwhelm even modern 
computer systems as the state of Iowa (145,743 km2) contains approximately 3,000,000 
CLUs, necessitating an arbitrary minimum field size to decrease computational requirements. 
After a survey of all CLUs in Boone and Story counties in central Iowa, the minimum field 
size was set at 4 hectares.  This lower limit classified approximately 99% of the agricultural 
ground in the evaluation area and also means that each field will have a minimum of 45 CDL 
pixels, each representing 0.09 ha, for determining crop cover.  Averaging this minimum 
number of pixels helps increase accuracy when poor remote sensing conditions are 
encountered, such as those detailed in the next section. 
2.3.6 Filtering NASS Data 
As was previously detailed, land cover maps often contain misclassifications; these 
misclassified pixels must be filtered from the original CDL to produce the most accurate map 
of field boundaries possible.  This necessitates the development of a custom processing 
operation.  To begin, the CDL is recoded to lump Alfalfa and Pasture/Rangeland categories 
together as these cover types are often confused in the CDL.  A custom filter, implemented in 
IMAGINE 9.0 (ERDAS, 2006), then removes point, linear, L-shaped, and cross-shaped pixel 
features less than 5 pixels in length or width from the original CDL and results in the image 
shown in Figure 2.4.  The filter was implemented in the cardinal directions and the shapes 
were selected to remove the small, short, linear features that are not representative of an 
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area’s general land cover.  It was not implemented on the diagonals.  This filtered image is 
then run through a 5x5 low pass filter producing the image shown in Figure 2.5.  Image 
processing is now complete and the resulting raster image is turned into a vector polygon file 
without simplification for intersection with the data derived in the next procedure. 
Figure 2.4 CDL after custom filter 
Alfalfa and Pasture/Rangeland were recoded into the same category to counteract loss 
of small pasture or hay fields during the following intersection and filtering processes that 
remove fields smaller than 4 hectares.  As an example, an 8 hectare alfalfa field was to be 
deleted as it was represented as 3.7 ha of alfalfa, 3.2 ha of pasture, and the rest was 
 
 31 
represented as the neighboring soybean field.  Most of the information lost to this 
generalization can be recovered by assuming that a CLU will not be split into both Alfalfa 
and Pasture and recategorizing the resulting fields to the majority of alfalfa or pasture in the 
original NASS CDL.  This assumption is justified by the fact that alfalfa and 
pasture/rangeland should be classified as different CLUs due to their different land 
management practices, and as stated before, the effects of any errors should be minimal for 
erosion modeling due to similar erosion reducing characteristics. 
 
Figure 2.5 CDL after majority filter 
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2.3.7 Filtering CLU Data 
CLU shapefile filtering begins by adding two new fields to the shapefile.  The first field will 
aid in tracking subsequent polygons back to the original CLU for potential troubleshooting 
and the second field will eventually denote polygon land cover.  Polygons greater than 4 
hectares in size and classified as land codes 2 (cropland) and 10 (other) are selected and then 
exported into a new shapefile.  The Tabulate Area and Zonal Statistics functions of Zonal 
Analysis in ESRI ArcGIS 9.1 are then used to compute the area of each land cover type from 
the NASS data layer in each CLU and the majority land cover for each CLU.   The tabulated 
area file and majority land cover file are then joined to the shapefile of selected CLUs to 
determine percentage cover by cover type.  The shapefile is then queried to find CLUs that 
are only one cover type and, by definition, one field.  For the purposes of this paper, fields 
that were less than 8 hectares in size, had greater than 90 percent of a single land cover and 
were less than 40 hectares in size, or had greater than 95 percent of a single land cover and 
were of any size were treated as single crop CLUs.  The CLUs selected using these criteria 
are then assigned the majority land cover and exported into a “pure CLU” shapefile.  The 
selection is then reversed to “non-pure” CLUs, or CLUs which contain more than one crop 
type, and these CLUs are exported into their own shapefile.  The “non-pure” CLUs are then 
intersected with the land cover polygon, converted from multipart to singlepart polygons, 
resulting polygons areas calculated, and polygons smaller than the critical value (4 ha) are 
eliminated.   These polygons are then merged with the “pure” CLUs and the resulting 
shapefile contains the field boundaries desired (Figure 2.6 & Figure 2.7). 
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Figure 2.6 2004 Management Units 
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Figure 2.7 2005 Management Units 
2.4 Results and Discussion 
Quantitative analysis of the accuracy of GIS and remote sensing products is not a well 
defined subject.  Analysis is currently best conducted by asking the subjective question: Is 
the data sufficiently accurate to accomplish the objectives of my project?  Generally, this 
question can be answered by the implications of the outcomes resulting from decisions based 
on the data.  Activities such as compliance monitoring or small scale modeling could have 
significant financial or scientific results from errors at a few data points.  However, other 
activities such as resource survey or planning generally have fewer serious implications.  
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2.4.1 Crop Cover Estimation Accuracy  
Crop cover accuracy will be presented first because of its impacts on accurately 
delineating management units.  Results of the comparison of true and estimated crop cover 
are shown in Table 2.2.  Land cover was determined correctly 100% of the time on the 83 
management units documented in 2004, however in 2005 two single-crop CLUs (each of 
which should be one management unit) were each erroneously split into two management 
units (one corn, one soybean) of approximately equal area (see Figure 2.7 for example 
errors), and one CLU was completely misclassified due to errors in the NASS CDL, resulting 
in a 96% or 98% accuracy, depending on whether or not incorrectly split fields are 
considered as true errors.   
Table 2.2 Accuracy of Crop Cover Estimates 
Year 
Total 
MUs 
Correctly 
Predicted 
Incorrectly 
Split 
Completely 
Misclassified 
2004 83 83 0 0 
2005 76 73 2 1 
These errors are distinct and should be considered separately as shown in Table 2.2 
because errors in erroneously splitting a CLU should be detectable when comparing multi-
year crop cover maps of a management unit (a.k.a. rotations) because the management unit 
will be managed correctly as a single unit in all years except the one in which it was 
erroneously split.  For example, a CLU that is corn in year one, soybeans in year two, ½ corn 
and ½ soybeans in year three, and soybeans in year four was likely misclassified as two 
management units in year three and should be changed to one management unit (all corn).  
However, completely misclassified fields will not be able to be detected using this 
methodology, and are therefore much more serious errors.  In either case, the resulting 
accuracy on a field level is as good as or better than the underlying CDL pixel level accuracy 
and is much better than the 85% correct interpretation recommended by the USGS (Anderson 
et al., 1976) while providing additional management information on the land cover in 
question.   
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2.4.2 Management Unit Delineation Accuracy 
Management units derived from “pure CLUs” should have no locational error by 
definition, hence the accuracy of the methodology will be determined by the ability of the 
methodology to delineate management unit boundaries where CLUs are split into multiple 
management units.  Errors in delineation have been quantified by errors in area, which reflect 
differences in the size of the delineated polygon, and errors in centroid location, which 
reflects difference in position. 
Estimated management unit areas correlate well with the “true” polygon area of the 
management units documented, as the coefficient of determination shows in both 2004 and 
2005 (Figure 2.8) that there is little error between true and estimated area.  Erroneous 
splitting of single-crop CLUs into multiple-crop CLUs (as described in the previous section) 
results in underestimation of the area of each field creating the two largest errors for 2005 
(Figure 2.8).  It also increases the positional error of the management unit as shown in Table 
2.3.  The area RMSE is generally less than 10% of the mean area of all management units, 
less than 25% of the mean area of management units derived from split CLUs, but greater 
than 35% of the area of management units when incorrectly split CLUs are included.   
Table 2.3 Assessment of Management Unit Delineation 
  Area Polygon Centroid Polygon Centroid 
Year n = Mean (ha) 
RMSE 
(ha) 
X 
RMSE 
(m) 
Y RMSE 
(m) 
Max X 
Error 
(m) 
Max Y 
Error 
(m) 
2004 83 37.75 2.05 15.2 11.7 92.7 67.9 
2005 76 28.10 2.29 24.5 17.6 154.4 61.4 
Management Units from Split CLUs 
2004 46 20.40 2.79 20.6 15.9 92.7 67.9 
2005 31 9.99 3.59 38.4 17.6 154.4 61.4 
Management Units from Split CLUs Excluding Split Errors 
2004 46 20.40 2.79 20.6 15.9 92.7 67.9 
2005 29 9.53 2.22 26.3 16.6 104.0 61.4 
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Figure 2.8 2004 & 2005 Estimated vs. True Area 
The differences between “true” and estimated management unit centroids are shown in 
Figure 2.9 and Table 2.3.  Erroneous splitting of CLUs also significantly shifts the polygon 
centroid, creating the largest error shown in 2005 data in Figure 2.9.  Using the Landsat TM 
pixel size of 30 m and the USGS Standards for Raster Feature Separates (USGS, 2002), as a 
basis for analysis, the centroid RMSE and maximum error are both within the standard of 3 
pixels average displacement and 6 pixels maximum displacement from the theoretically 
correct position.  Boundary position errors are likely greater, however, due to the averaging 
present in the centroid value. 
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2.5 Conclusions 
The methodology presented demonstrates that management units and associated crop 
cover can be accurately determined from quality cover type boundary and land cover inputs 
such as the CLU and CDL datasets to create a derivative dataset that contains more 
information than either dataset alone.  This new dataset provides information on the actual 
crop and the area over which it was grown, and when compiled over a period of years, can be 
used to track changes in crop rotations.  This information can then serve as an input for 
numerous precision conservation models and also enables the ability to create maps of other 
field level processes or properties, such as residue cover, tillage, or fertilization, by defining 
the boundaries over which management uniformly occurs. 
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CHAPTER 3.  ESTIMATING MEAN FIELD RESIDUE COVER 
USING SATELLITE IMAGERY AND AUTOMATED 
MANAGEMENT UNIT DETERMINATION 
A paper to be submitted to Agronomy Journal 
Brian Gelder, Amy Kaleita, Richard Cruse 
3.1 Abstract 
Knowledge of residue cover distribution is important for precision conservation 
efforts to reduce soil erosion and associated environmental impacts.  Many previous studies 
have shown mixed results detecting crop residue, but conditions generally included poor soil 
color contrast or emergent vegetation and required manual delineation of field boundaries to 
calculate field averages.  Multiple indices were tested over multiple image dates on dark soils 
in north-central Iowa and a number of indices, including the Normalized Difference Tillage 
Index and the Crop Residue Index Multiband using Landsat Bands 5 & 7, have shown great 
promise in detecting crop residue before and after plant emergence.  The best indices 
explained about 85% of the response before emergence and about 51% after emergence, with 
an empirical correction of the influence of green vegetation improving performance to 61% 
after plant emergence.  Indices utilizing Landsat Band 7, which contain lignin and cellulose 
absorption bands absent in soil, show the best results for residue detection and indices 
utilizing Landsat Band 4, where green vegetation reflectance is exceptionally high, show 
difficulties with detecting residue cover, especially after plant emergence.  Results were 
obtained utilizing an automated field boundary delineation technique which produced slightly 
more accurate estimates of mean field residue cover than the standard manual delineation of 
field boundaries.  
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3.2 Introduction 
Soil erosion remains a significant environmental problem despite decades of research 
into erosion mechanics and prediction and billions of dollars spent on soil conservation 
practices.  It contributes to local and global problems of reduced topsoil depth and, along 
with streambank erosion, to excess sediment and nutrient problems in inland and coastal 
waterbodies costing billions of dollars per year (Pimentel et al., 1995).  To combat these 
problems numerous Best Management Practices (BMPs) have been developed, with 
appropriate management of residue cover being one of the most important and cost effective 
techniques for improving environmental quality that a land manager has.  Maintaining 
increased amounts of residue on the soil surface has been shown to reduce water runoff and 
soil erosion (Blough et al., 1990) and build SOC (Halvorson et al. 2002, Moorman et al. 
2004), all while reducing fertilizer and fuel inputs and maintaining a healthy environment for 
plant growth.  Consequently, adoption of minimum or no tillage techniques has increased 
significantly over the past decades (NRCS, 2006), but remains at levels below those needed 
to stabilize soil loss and achieve acceptable environmental quality.  Erosion risk and adoption 
of conservation tillage also varies across geographic regions creating the need for targeted 
education efforts about conservation tillage practices, monitoring of conservation tillage 
adoption, and modeling of the impacts of tillage and residue harvesting.  Residue harvesting, 
although not common today, is expected to increase significantly with the development of 
facilities to convert lignocellulose material, such as corn stover, into ethanol.  Economic and 
time limitations dictate that this residue quantification method must be both inexpensive and 
rapid, as residue cover is a dynamic quantity that is a function of the amount of biomass 
produced, crop type, harvesting method, tillage practices, decomposition, and residue 
harvesting. 
Currently residue cover is evaluated by one of several accepted methods depending 
on the desired accuracy of the estimate, the time available to conduct the estimate, and the 
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area to be evaluated.  Evaluating large areas, such as counties or watersheds containing 
hundreds of fields, is usually accomplished by a tillage transect survey similar to that utilized 
by the Conservation Technology Information Center (CTIC, 2004) in which a predetermined 
route is driven and the residue cover of each field along the route is visually estimated and 
assigned to a residue cover class.  This method is generally the lowest cost conventionally 
accepted method as two trained observers can cover hundreds of fields per day.  However, 
due to the oblique viewing angle, residue cover is often overestimated using this 
methodology resulting in decreasing correct classification of the fields from 77 to 45% as the 
number of classes increased from two to five (Thoma et al., 2004).  Low accuracy, quick 
estimates of residue cover are often obtained by visually comparing photographs of the area 
in question with photographs of known residue cover values.  When higher accuracy 
estimates are needed the line transect method is employed in which a string with 50 or 100 
uniformly spaced markers is laid out over the field and the presence or absence of residue is 
noted under each marker.  These two methods can be easily biased by untrained observers, 
but when conducted by trained observers on corn residue the photographic method required 
10 observations and the line transect method required 5 observations to converge to within 
20% of the mean field residue cover (Laflen et. al, 1981).  One advantage of approaches like 
the photographic and line transect methods is that they produce continuous, numeric residue 
cover estimates rather than the tillage transect survey’s classification into one of a discrete 
number of residue classes.  Continuous estimates of residue cover help better quantify the 
accuracy of other continuous methods under development, such as remote sensing indices, by 
removing ambiguities when a field’s residue cover is near the breakpoint of two different 
residue classes.  However, methods requiring in-field observations dramatically increase the 
time required to produce an estimate and increase costs significantly.  Hence, there is no 
method currently available that provides consistent, inexpensive, and accurate estimates of 
residue cover over large areas. 
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Remote sensing has been repeatedly evaluated as a method to solve this problem by 
providing rapid and inexpensive estimates of residue cover.  Initial attempts (Gausman et al., 
1975) reported difficulties in estimating residue cover from the bands observed by the early 
Landsat Multispectral Scanner (MSS) due to the similarity of soil and residue spectra.  Viña 
et al. (2003) successfully used similar wavelengths with Iknonos high spatial resolution data 
to correctly classify conventional and conservation tillage fields 76 percent of the time using 
logistic regression.  Advances in detection technology, such as the launch of the Landsat 
Thematic Mapper (TM) sensor on Landsat 4 & 5 and the Enhanced Thematic Mapper + 
(ETM+) on Landsat 7, instigated new research into the use of shortwave infrared (SWIR) 
reflectance to determine residue cover by targeting reflectance differences between higher 
reflecting soil and lower reflecting residue.  These advances led to the development of 
indices such as the Normalized Difference Tillage Index and Soil Tillage Index (NDTI and 
STI; van Deventer et al., 1997) the Normalized Difference Indices 5 & 7 (NDI, McNairn and 
Protz, 1993), the Normalized Difference Senescent Vegetation Index (NDSVI, Qi et al., 
2002), the Soil Adjusted Crop Residue Index (SACRI, Biard et al., 1995) and the Crop 
Residue Index Multiband (CRIM, Biard & Baret, 1997), demonstrated in Figure 3.1., which 
is a multi-dimensional extension of the Soil Line Concept (Richardson and Wiegand, 1977; 
Baret et al., 1993).  Essentially, the CRIM estimates residue cover by calculating the angles δ 
and ζ between a predefined, wavelength-specific soil line and an observed residue cover and 
a predefined, wavelength-specific residue line. 
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Figure 3.1 CRIM concept in two-dimensional space.  λ1 and λ2 represent reflectance or Digital Number 
(DN) in different wavelengths.  Figure from Biard & Baret (1997). 
These indices have been tested multiple times with varying results.  McNairn and 
Protz (1993) found that NDIs using Landsat TM bands 4 & 5 were most strongly related to 
percentage residue cover with 65 percent of light colored sandy soils and 92 percent of 
darker colored silty soils being accurately classified into three residue categories.  van 
Deventer et al. (1997) used logistical regression on Landsat imagery of glacial till and lake 
plain soils in Ohio and found that the functionally equivalent NDTI and STI utilizing TM 
Bands 5 & 7 were the best predictors of conservation tillage status, correctly classifying 
fields 93 percent of the time over both soil types.  Gowda et al. (2001) evaluated the NDTI, 
STI, and four other models proposed by van Deventer et al. on southern Minnesota soils and 
found that models using Band 5 or the difference of Bands 3 & 5 correctly classified fields 
into conservation and conventional tillage categories 70 and 77 percent of the time, 
respectively.  Soil organic matter, soil moisture content, and soil color were also found to be 
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important in predicting residue cover.   Thoma et al. (2004) followed this by comparing 
NDI5, STI, NDTI, CRIM, and multiple linear regression models using raw Digital Numbers 
(DN) and two different correction methods against measured residue cover for fields in 
southern Minnesota.   Indices calculated using DNs performed better than either correction 
method with the regression models best predicting overall (corn & soybean) residue cover 
followed by NDTI, STI, NDI5, and CRIM when comparing coefficients of determination of 
the various models.  Accuracy of predictions also varied depending on residue type and soil 
color.  Alternatively, both Biard & Baret (1997) and Arsenault & Bonn (2005) have found 
that the CRIM model has performed better than the NDI, NDTI, and SACRI in field studies 
using ground based radiometers collecting radiance representing Landsat bands 2, 3, 4, and 5, 
with r2 values up to 0.94. 
Additional research into spectral response of soils and residue revealed that residue 
contains three absorption bands around 1.73, 2.1, and 2.3 μm primarily due to nitrogen, 
cellulose, and lignin, respectively (Curran, 1989; Elvidge, 1990), and these features are 
absent in soils.  Recent field research by Daughtry et al. (2005) indicates that high spectral 
resolution indices utilizing these features, such as the Cellulose Absorption Index (CAI; 
Daughtry, 2001) and Lignin Cellulose Absorption (LCA; Daughtry et al., 2005) index have 
the potential to provide much better quantification of crop residue than the broad band 
residue or tillage indices, especially in conditions such as variable soil moisture and light soil 
color that challenge the broad band indices.  Using high-altitude, hyperspectral data from 
AVIRIS (Airborne Visible Infrared Imaging Spectrometer) Daughtry et al. (2005) calculated 
CAI and LCA indices simulating data from the Hyperion instrument on the Earth Observing-
1 satellite and the ASTER instrument on the TERRA satellite and found coefficients of 
determination of 0.882 and 0.630, respectively.  These coefficients were much greater than 
the 0.1 to 0.2 coefficient obtained using the previously mentioned NDI5, NDI7, and NDTI 
broad band indices that could be provided by Landsat.  Despite improved residue detection 
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capabilities, both satellite sensors have two significant tradeoffs compared to Landsat: path 
width and operational capabilities.   Hyperion’s path width is 7.7 km, and ASTER’s path 
width is 60 km, 1/3 of Landsat’s 180 km which restricts the area that can be imaged and there 
are no plans for using either sensor in an operational program, limiting their use to research 
applications for the foreseeable future. 
Research by Daughtry et al. (2005) and Sullivan et al. (2006) gives some insight into 
an additional reason beyond soil color why results vary greatly between experiments.  It was 
noted in both articles that when green vegetation was in the scene, the accuracy of the indices 
decreased.  Similar conclusions could be drawn from the decrease in accuracy of tillage 
indices from November to March to June observed by Thoma et al. (2004), although no data 
on green vegetation in the scenes are available.  The nature of cropping systems encourages 
green vegetation growth as soon as planting is completed.  This results in a situation where 
an observation window of only one or two weeks after planting is available to make accurate 
residue cover estimates.  These observations also lead to the need to investigate other indices 
which are more resistant to the effects of green vegetation.  The development of such indices 
requires a discussion of general spectral response of the residue, green vegetation, and soil 
targets over the observed Landsat bands. 
Crop residue generally exhibits moderately increasing reflectance from Band 3 to 
Band 4 to Band 5 with a moderate decrease occurring between Band 5 and Band 7 due to 
cellulose and lignin absorption at 2.1 and 2.3 μm (Figure 3.2), however the exact reflectance 
values depend on many factors including species, moisture content, and age of the residue 
(Nagler et al., 2000).  Green vegetation, however, shows a significantly different response, 
with reflectance increasing sharply (roughly 1 order of magnitude) from Band 3 to Band 4 in 
growing plants, and decreasing roughly 50 percent from Band 4 to Band 5 and again 50 
percent from Band 5 to Band 7.  Light colored soils, similar to those observed in studies by 
Daughtry et al. (2005) and  Bricklemeyer et al. (2002), exhibit a trend similar to residue but 
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with a greater magnitude of increase to Band 5 and a greater decrease from Band 5 to Band 7 
with the absolute value depending greatly on the moisture content of the soil .  Darker 
colored soils, such as those observed in the Thoma et al. (2004) study, are more similar to the 
Barnes soil in central Minnesota (Daughtry, 2001) in which the soil exhibits the same general 
response curve as light colored soils but with decreased absolute values and less dependence 
on soil moisture content.  Generally, these relationships between band reflectance mean that 
soil will have lower values and residue will have higher values in all indices but green 
vegetation will have higher values than either soil or residue and confound results by raising 
index values above those expected from a pure soil/residue target.  The index response is not 
the same for green vegetation as for residue cover, with indices utilizing Band 4 being more 
affected by green vegetation than those not utilizing Band 4 (NDTI, NDRI, NDSVI, some 
CRIM).   
Figure 3.2 Soil, residue, and green vegetation spectral response.  Figure from Daughtry et al. (2005) 
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3.3 Methods and Materials 
3.3.1 Spectral Index Development 
Utilizing knowledge of spectral reflectance, a normalized difference index was 
designed by the authors to minimize effects of green vegetation on residue detection by 
utilizing Landsat TM Band 7, which has shown strong relation to residue cover, and Band 3, 
where the reflectance of green vegetation is more similar to Band 7 than Band 4 or 5.  This 
index will be referred to as the Normalized Difference Residue Index (NDRI).  
73
73
BandBand
BandBandNDRI +
−=  
Even if an acceptable method can be found to estimate residue cover, one roadblock 
remains to implementing an operational program using residue indices with acceptable 
accuracy.  All previous research studies have used hand digitized field boundaries or 
localized areas around collection points to calculate field mean residue cover, but the large 
number of fields and their constantly changing boundaries necessitate the use of an 
automated procedure for management unit boundaries such as that developed by Gelder et al. 
(2007).  This method uses data on land management collected by the United States 
Department of Agriculture (USDA) Farm Service Agency in conjunction with USDA 
National Agricultural Statistics Service data on crop cover to create a high accuracy map of 
management unit boundaries and crop type which can then be used to delineate the area over 
which estimates should be calculated 
The recent research indicating green vegetation can confound residue cover 
estimation illustrates that additional research is needed into green vegetation impacts on 
residue cover indices to determine if indices designed to be more resistant to green 
vegetation, such as the NDRI, or other methods of compensation can better estimate residue 
cover in the presence of green vegetation.  Along with the recent development of automated 
methods for determining field boundaries (Gelder et al., 2007), this research could lead to a 
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methodology that finally achieves the goals of a consistent, accurate, and efficient method for 
determining residue cover over large areas.  To this end, the rest of this paper will evaluate 
the effects of green vegetation on the NDRI along with other previously developed residue 
cover indices and also test a method for correcting for the effects of green vegetation.  These 
methods will be tested for their ability to determine mean field residue cover in conjunction 
with manually and automatically determined field boundaries in an effort to automate the 
process of residue cover determination. 
3.3.2 Ground Truth Data Collection 
Digital images of the soil surface were captured in 83 fields in the October 2004 - 
June 2005 tillage season and 76 fields in the October 2005 – June 2006 tillage season on both 
corn and soybean residue ranging from near zero to as high as possible (near 1.00 corn 
residue fraction or about 0.60 soybean residue).  Fields were located in Boone, Story, and 
Hamilton counties of central Iowa on the Des Moines lobe consisting of glacial till and lake 
plain soils.  Three to seven locations were photographed per field with locations captured by 
GPS (accurate to +/- 3 m) and separated by about 30 m to obtain approximately 1 sample per 
Landsat pixel; locations were photographed again after residue cover changed due to tillage.  
Images were collected approximately 0.8 m above the soil surface using 5 and 7 megapixel 
digital cameras aimed straight down to obtain approximately 1 m2 of soil surface coverage 
per image.  Images were saved into TIFF format and classified into 50 categories using 
IMAGINE 9.0 (ERDAS, 2005) and assigned classes of residue and non-residue.  This 
method is similar to that employed by Sullivan et al. (2006), which was found to be of 
reasonable accuracy.  The standard deviation of the observed residue cover increased as the 
mean of the observed residue cover increased, indicating heteroskedasticity of the data 
(Figure 3.3). This would be anticipated from the boundary conditions of a physical minimum 
0% residue cover and a maximum 100% residue cover.  The overall mean of the standard 
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deviations was 0.048, indicating observed mean residue cover is approximately 95% accurate 
to +/- .10 above a mean cover fraction of approximately 0.10.  
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Figure 3.3 Standard deviation of observed residue cover vs. mean observed residue cover 
3.3.3 Remote Sensing Imagery Collection 
Landsat 5 imagery of the target fields was collected on April 3, May 30, and June 6, 
2005 and April 15, and June 2, 2006.  Images were received as GeoTIFF single band images 
which were then layer stacked into a 7 band image and geo-referenced using the IMAGINE 
Georeferencing Wizard (ERDAS, 2005) with a 0.5 pixel RMSE using 10 m aerial 
photography as the reference and red band for correlation.  Images were visually inspected 
for snow or cloud cover and impacted fields were removed from surface residue calculation 
and soil/residue line calibration.  Surface soil moisture conditions have been shown to impact 
soil reflectance and classification results (van Deventer et al., 1997).  The focus of this 
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research on production remote sensing meant that detailed investigations into soil surface 
moisture were not conducted.  However, precipitation records were analyzed and it was 
noted that between 2-4 days had passed since significant precipitation (> 0.01 inch) on all 
imagery dates which allowed the surface layer to dry in most fields.   
3.3.4 Index Calculation 
As this paper focuses on the effects of green vegetation on residue cover indices, an 
index found to be sensitive to green vegetation, the Normalized Difference Vegetation Index 
(Rouse et al., 1974), will be used to estimate the presence and amount of live vegetation in 
the scene.  The NDVI was calculated using Landsat TM DNs as follows:  
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BandBandNDVI +
−=  
Field boundaries of the sampled fields were determined using the methodology given in 
Gelder et al. (2006), with the 2004 USDA CLU map and 2004 and 2005 USDA Cropland 
Data Layer as inputs.  Field boundaries were then buffered inwards by 45 m (1.5 x Landsat 
pixels) to remove geo-rectification errors and fencerow and buffer strip impacts.  Index 
values were then calculated using the mean DNs for each band on each sampled field.  DN 
values were used because they consistently performed better in all classifications attempted 
by Thoma et al. (2004) and are computationally simpler than atmospherically corrected 
values.  Indices tested include nearly all indices proposed for residue detection including the 
NDI, NDTI, and NDSVI which have been previously mentioned and were implemented as 
follows:  
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The band designation follows that of Landsat, where each band represents reflectance 
over a spectral range, with Bands 3, 4, 5, and 7 representing reflectance in 0.63-0.69 μm, 
0.76-0.90 μm, 1.55-1.75 μm, and 2.08-2.35 μm, respectively.  Linear regression of index 
value versus known residue cover was calculated for each index and image date to produce 
an index value versus residue cover relationship tailored to each image.  Estimated residue 
cover was limited to between zero and 100 percent. 
Implementation of the Crop Residue Index Multiband is more complex than the 
normalized difference indices, requiring selection of the spectral bands to be used and 
computation of both characteristic soil and residue lines before index calculation can begin 
(Figure 3.1).  Based on previous research by Thoma et al. (2004), Landsat TM bands 3, 4, 5, 
and 7 were chosen for analysis, with all possible combinations of these bands being 
compared and the lowest numbered band of the combination being used as the reference 
band, λ1, in Figure 3.1.  The soil line and residue line for each band combination of the 
CRIM was calculated as the regression line of DN in one band versus the reference band 
(Figure 3.4).  Fifteen fields from all imagery dates with an NDVI less than 0.07, maximum 
residue cover fraction of 0.10, and a mean residue cover fraction of 0.05 were used to define 
the soil line.  The NDVI value of 0.07 was chosen as the breakpoint because it was the 
highest NDVI for a field found in either the 4/3/05 or 4/15/06 pre-emergent reference 
images.  The residue line was computed from the same imagery and NDVI criteria using 24 
corn and soybean residue fields with residue cover fractions ranging from 0.50-0.90 and a 
mean of 0.65.  Selection of the lowest allowable residue cover fraction for defining the 
residue line is somewhat subjective.  Selection of a higher minimum, i.e. 0.65, resulting in a 
mean of 0.72 with n=14), actually reduced r2 and RMSE by about 0.05-0.10.  This is likely 
due to the fact that the higher limit removed all but one datapoint from the lower left portion 
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of the residue line in Figure 3.4.  This changed the slope and intercept of the regression line, 
likely resulting in poor line definition at the lower end.   
One problem with the use of fields with 0.65 mean residue cover fraction to define 
the 1.00 residue cover fraction line is that the range of resulting residue cover estimates, 
shown by the angle ζ in Figure 3.1, is compressed.  To correct for this error, ζ is divided by 
0.65 to expand the range back to 1.00.  Estimates of residue cover less than the soil line are 
assigned the value of 0.025 residue cover, the midpoint of the 0.05 fractional residue line and 
the soil line. 
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Figure 3.4 Band 7 vs. Band 5 regression of soil and residue lines 
The Soil Adjusted Crop Residue Index (Biard et al., 1995), a derivative of both the 
normalized difference indices and the soil line concept, was also tested.  It uses the slope (α) 
and intercept (β) of the soil regression line in Bands 4 & 5: 
 
3.4.1 Conventional Tillage Index Evaluation 
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All of the best performing indices utilized Landsat TM Band 7, likely due to the 
cellulose and lignin absorption bands evident in residue and plants but absent in soils.  
Whether comparing r2 or RMSE values, the indices utilizing Band 5 in combination with 
Band 7, CRIM5,7 and NDTI, performed better than indices utilizing Bands 3 or 4 in 
conjunction with Band 7 (NDI7, NDRI, CRIM3,7) and much better than combinations of 
Bands 3, 4, and 5.  It should also be noted that indices computed in April generally have 
much higher r2 values than indices computed in late May or early June.  As hypothesized, 
this is due to the fact that in later imagery green vegetation has already begun to significantly 
impact reflectance in some fields.  Effects are especially pronounced in Band 4 but are also 
evident in Bands 5 & 7, accounting for the greater decline in accuracy of Band 4 indices than 
indices utilizing Bands 5 or 7 after April 15.  Additional evidence for this will be presented 
later. 
Analysis of residue cover index results begins with an examination of the coefficients 
of determination (r2) and root mean square error (RMSE) for each image date.  Coefficient of 
determination describes how well a regression equation fits all points while the RMSE 
describes how close each regression estimate is to the actual value.  Optimum values for r2 
and RMSE are 1.00 and 0.00, respectively.  Table 3.1 summarizes the r2 and RMSE values of 
the NDRI, NDTI, NDI5, NDI7, NDSVI, SACRI, and 2-band, 3-band, and 4-band 
combinations of the CRIM using regression equations tailored to each imagery dates for all-
non CRIM indices.  An overall category, where regression was conducted over all images, 
facilitates the best comparison with CRIM indices, where regression is essentially also 
conducted over all images. 
 
3.4 Results and Discussion 
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Table 3.1 Coefficients of Determination and RMSE Values by Image Date 
4/3/05 (n = 75) 5/30/05 (n = 63) 6/6/05 (n = 77) 4/15/06 (n = 15) 6/2/06 (n = 61) Overall (n = 291)
Index 
r2 RMSE r2 RMSE r2 RMSE r2 RMSE r2 RMSE r2 RMSE 
NDTI 0.85 0.08 0.76 0.07 0.69 0.08 0.86 0.11 0.35 0.18 0.68 0.12 
NDI5 0.71 0.13 0.31 0.20 0.26 0.23 0.71 0.17 0.22 0.56 0.43 0.41 
NDI7 0.81 0.10 0.49 0.13 0.42 0.15 0.78 0.14 0.19 0.38 0.21 0.25 
NDSVI 0.37 0.26 0.39 0.16 0.69 0.08 0.60 0.22 0.72 0.08 0.66 0.48 
SACRI 0.64 0.15 0.34 0.19 0.34 0.19 0.69 0.18 0.33 0.19 0.15 0.52 
NDRI 0.72 0.12 0.57 0.11 0.77 0.07 0.72 0.17 0.68 0.09 0.63 0.13 
3,4,5,7 0.37 0.34 0.54 0.15 0.54 0.17 0.41 0.17 0.51 0.22 0.25 0.42 
3,4,5 0.29 0.37 0.52 0.15 0.54 0.18 0.38 0.21 0.51 0.22 0.37 0.27 
0.69 
0.27 
0.25 
0.16 
0.41 
0.22 
0.12 
0.21 
 
 
3,4,7 0.44 0.25 0.55 0.14 0.54 0.17 0.59 0.10 0.51 0.22 0.49 
3,5,7 0.40 0.32 0.54 0.11 0.58 0.14 0.44 0.17 0.54 0.17 0.43 0.22 
4,5,7 0.45 0.58 0.40 0.63 0.46 0.78 0.43 0.27 0.46 0.65 0.45 
3,4 0.40 0.39 0.56 0.15 0.54 0.18 0.48 0.17 0.51 0.22 0.41 
3,5 0.30 0.36 0.51 0.12 0.58 0.16 0.39 0.19 0.54 0.19 0.38 
3,7 0.51 0.20 0.65 0.09 0.65 0.11 0.65 0.09 0.57 0.16 0.56 
4,5 0.27 0.37 0.28 0.25 0.32 0.45 0.37 0.19 0.33 0.47 0.32 
4,7 0.54 0.19 0.54 0.11 0.41 0.23 0.67 0.08 0.31 0.27 0.44 
0.68 
C
R
I
M
 
5,7 0.83 0.09 0.77 0.07 0.57 0.15 0.88 0.10 0.51 0.14 
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CRIM model trends follow the same trends laid out for two band normalized 
difference indices, with all of the most accurate indices, as determined using r2 and RMSE, 
utilizing Band 7.  Combinations including 5 & 7 were generally more accurate, however 
CRIM3,4,7  was slightly more accurate than CRIM3,5,7, but CRIM3,5,7 was more accurate after 
crop emergence.  CRIM4,5 was the least accurate index of all, likely due to the relatively 
small angle between the soil and residue lines in Bands 4 & 5 which led to discrimination 
problems; this finding is also consistent with the low accuracy for NDI5 and the SACRI.  
These errors would also contribute to the trend of generally decreasing accuracy with 
increasing index dimensionality by impacting all 3 and 4-band CRIM models that include 
Bands 4 & 5.  Errors in the 3 and 4-band implementations of the CRIM model estimates are 
also likely due to the approximations involved with solving the overdetermined linear 
equations to compute the CRIM. 
The influence of green vegetation on scene reflectance becomes more apparent when 
the fields are divided into Pre-Emergent and Post-Emergent categories (Table 3.2) using the 
same NDVI criteria used to determine soil and residue lines.  Pre-emergent fields include 
results from 4/3/05, 5/30/05, 6/6/05, 4/15/06, 6/2/06 imagery.  Post-emergent fields include 
results from all fields in 5/30/05, 6/6/05, and 6/2/06 with a mean NDVI greater than 0.07, 
which was the highest NDVI observed in the 4/3/05 and 4/15/06 imagery.   As before, a 
linear regression of index value (for non-CRIM indices) versus known residue cover was 
calculated and used to predict residue cover within the range of 0 to 100 percent.  Trends are 
similar to the previous analysis but even more distinct.  Indices utilizing Band 7 are again 
more accurate than those not utilizing Band 7 and indices utilizing Band 4 begin to lose 
accuracy after emergence. 
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Table 3.2 Coefficients of Determination and RMSE Values by Emergence 
Pre-Emerge 
(n=170) 
Post-Emerge 
(n=121) Overall (n = 291) Index 
r2 RMSE r2 RMSE r2 RMSE 
NDTI 0.86 0.08 0.52 0.15 0.68 0.12 
NDI5 0.50 0.18 0.45 0.48 0.43 0.41 
NDI7 0.71 0.11 0.46 0.31 0.21 0.25 
NDSVI 0.47 0.19 0.48 0.17 0.66 0.48 
SACRI 0.39 0.23 0.49 0.56 0.15 0.52 
NDRI 0.72 0.11 0.53 0.13 0.63 0.13 
3,4,5,7 0.36 0.26 0.49 0.23 0.25 0.42 
3,4,5 0.29 0.30 0.49 0.23 0.37 0.27 
3,4,7 0.48 0.19 0.49 0.23 0.49 0.21 
3,5,7 0.40 0.25 0.50 0.18 0.43 0.22 
4,5,7 0.43 0.49 0.46 0.90 0.45 0.69 
C
R
IM
 
3,4 0.35 0.29 0.49 0.24 0.41 0.27 
3,5 0.31 0.28 0.50 0.20 0.38 0.25 
3,7 0.56 0.16 0.56 0.16 0.56 0.16 
4,5 0.30 0.29 0.33 0.54 0.32 0.41 
4,7 0.60 0.14 0.35 0.29 0.44 0.22 
5,7 0.85 0.07 0.52 0.16 0.68 0.12 
 
The coefficients of determination shown in this analysis are much greater than those 
reported by either Daughtry et al. (2005) or Thoma et al. (2004).  Estimates are likely much 
better than Daughtry et al. due to two reasons.  The study was conducted on Chesapeake Bay 
area soils which are much lighter than the darker colored soils in this analysis, which 
contrasted strongly with residue in TM Bands 5 & 7.  Also, Daughtry et al.’s study only 
excluded fields with a vegetation fraction greater than 0.30, making the results more similar 
to that in the overall regression, which had lower accuracy than the pre-emerge regression.  
These differences should account for the decreased residue cover fraction intercept and 
coefficient of determination of the NDTI relationship found between this study and that of 
Daughtry et al. (2005) as shown in Figure 3.5.  It is encouraging, however, to note that the 
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1.00 residue cover fraction value from both studies converge near 0.30, indicating that this 
value may be consistent. 
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Figure 3.5 Comparison of NDTI Relationships 
The reasons for improvement over the analysis by Thoma et al. are not as clear.  
Thoma et al. worked on similar dark colored soils as this study but they did not take green 
vegetation impacts into account.  They also did not divide r2 values out by image date, but 
did evaluate classification accuracy by image date, with November images having higher 
classification than March, which are greater than June.  One possible explanation for this, 
and possibly the lower accuracies, is the effect of green vegetation.   
3.4.2. Effect of Green Vegetation on Residue Indices 
The effect of green vegetation on residue indices becomes apparent when the 
difference between the index estimated and observed residue cover is graphed versus the 
 
 60 
Figure 3.6).  As predicted, the NDTI and CRIMNDVI ( 5,7 respond similarly to green 
vegetation as they do to residue cover as post-emergent index values are shifted upwards on 
the graph, belying an increase in index value with no increase in residue cover.  The NDRI, 
which was designed to be more resistant to green vegetation, is not shifted upwards but is 
shifted downwards, belying the effect of green vegetation on the index.  All indexes show the 
same relationship, as the NDVI increases, so does the error of the estimate from the index, 
with all estimates converging to zero error as you approach zero NDVI.   These results 
indicate that it should be possible to at least partially correct for effects of green vegetation 
on residue indices.   
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Figure 3.6 Normalized index value vs. NDVI for all fields 
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3.4.3 NDVI Corrected Residue Index Evaluation 
Utilizing the regression of NDVI vs. the difference between observed and index 
estimated residue cover fraction from the data shown in Figure 3.6, a correction was 
introduced to the two most accurate estimated residue cover indices, CRIM5,7 and NDTI, and 
also the NDRI.   The results of this correction are shown in Table 3.3. 
 
Table 3.3 Coefficients of Determination and RMSE Values by Emergence for 
Corrected Indices 
Pre-Emerge 
(n=170) 
Post-Emerge 
(n=121) Overall (n = 291) Index 
r2 RMSE r2 RMSE r2 RMSE 
NDTI 0.86 0.08 0.62 0.11 0.77 0.09 
NDRI 0.72 0.11 0.50 0.13 0.64 0.12 
CRIM5,7 0.85 0.07 0.61 0.11 0.77 0.09 
The correction increased the r2 on the post-emergence fields of the NDTI and 
CRIM5,7 by 0.10 and 0.09, respectively, but decreased the r2 of the NDRI by 0.03.  
However, more significant to developing an accurate estimate, the RMSE of the NDTI, 
NDRI, and CRIM5,7 all decreased from the uncorrected post-emerge by 0.04, 0.01, and 0.05.  
Overall regressions also showed increases in accuracy as evidenced by r2 and RMSE values, 
3.4.4 Automatically Determined Management Unit Evaluation 
The other new factor in this experiment, automatically determined management unit 
boundaries, appears to suitably define the area over which residue cover estimates should be 
made.  A comparison of r2 values and RMSEs calculated using both the automated 
methodology and manual delineation of boundaries showed that manual delineation provided 
slightly less accurate estimates (0.02 lower r2 and 0.005 higher RMSE) than the automated 
methodology.  Although the reason for better estimates is not known, the differences are 
small.  Positive results were expected based on the research by Gelder et al. (2007), creating 
the possibility for great time savings and routine determination of mean field residue cover. 
 
 62 
3.5 Conclusions 
Traditional methods of surveying residue cover for conservation management are 
generally either time consuming and expensive or lacking in accuracy and consistency.  
Previous implementations of Landsat crop residue indices have shown mixed results in 
residue detection ability due to soil color and green vegetation influences on indices and 
required manual delineation of field boundaries to compute field average residue cover.  
These complications have limited previous implementations of residue indices to accurately 
and efficiently determine residue cover. 
Additional research into the influence of green vegetation has shown that residue 
cover indices can be used to estimate residue cover on the glacial till derived soils of central 
Iowa both before and after the emergence of green vegetation.  Green vegetation obscures the 
response of residue cover indices to residue cover, decreasing the accuracy as the image date 
increased from early April to early June.  Classification of fields into pre- and post-emergent 
classes permits better analysis of response, with indices utilizing combinations of Band 7 and 
3 or 5 performing better than other indices.  The NDTI and CRIM5,7 index provided the best 
estimates before the emergence of green vegetation with the indices explaining about 85% of 
the response before emergence and 51% after emergence. The NDRI and CRIM3,7 indices 
also performed well before emergence with an r2 of 0.72 and 0.56, but coefficients of 
determination decreased after emergence to 0.52 and 0.55, respectively.  Indices using Band 
4 and 7, the NDI7 and CRIM4,7 performed well before emergence, but performed worse than 
the NDTI, NDRI, CRIM5,7, and CRIM3,7 after emergence.  Indices utilizing combinations of 
Bands 3, 4, and 5 were the worst at estimating residue cover, especially after plant 
emergence.  These results follow that expected from spectral response of the scene 
components, as Band 7 shows absorption due to cellulose and lignin not present in soils and 
Band 4 shows a significant increase in reflectance with green vegetation. 
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Band indices selected to be more resistant to the effects of green vegetation, such as 
the NDRI, showed the same impacts of green vegetation as the NDTI and CRIM5,7, with 
increasing error in residue cover estimates with increasing NDVI.  The error in both NDTI 
and CRIM5,7 increases consistently with NDVI, meaning that it is possible to remove some of 
the effect of green vegetation on the index.  Subtraction of the regression of index error vs 
NDVI from the index value increased the r2 of both the NDTI and CRIM5,7 by about 0.10 and 
decreased the RMSE by 0.05, although r2 values were still 0.20 below and RMSE were still 
0.03 above those on pre-emergent fields. 
These results illustrate the need for timely remote sensing observations to reduce the 
impact of green vegetation on scene reflectance or the use of correction factors to reduce 
these effects.  It may also be necessary to use multiple imagery dates to optimally estimate 
residue cover where plants with different emergence dates are routinely planted.  When 
selecting imagery sources, it should be noted that the 2.08-2.35 um spectrum sampled by 
Landsat Band 7 is not measured by most other operational satellite remote sensing 
instruments and is a component of the indices most resistant to the distorting effects of green 
vegetation. 
The use of pre-determined management unit boundaries was also tested in this paper 
and found to be of suitable accuracy.  The automated methodology of Gelder et al. (2006) 
returned estimates that were slightly more accurate than estimates obtained using manually 
delineated field boundaries.  The use of this methodology for delineating field boundaries 
will significantly increase the rate at which remote estimates of residue cover can be made 
and enable routine measurements.  Due to the inaccuracies involved in residue measurement 
and mistrust of “black box” remote sensing estimates,  this methodology for producing 
residue cover estimates is presently best used as a screening tool to determine areas that 
either do or do not require further field investigation of residue cover.  These limitations, 
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however, do not preclude their use in residue cover assessment programs which do not have a 
regulatory aspect. 
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CHAPTER 4.  RADAR DETERMINATION OF SURFACE 
ROUGHNESS AND TILLAGE PRACTICES USING 
SATELLITE IMAGERY AND AUTOMATED MANAGMEENT 
UNIT DETERMINATION 
A paper to be submitted to Transactions of the American Society of Agricultural and 
Biological Engineers 
Brian K. Gelder, Amy L. Kaleita, Richard M. Cruse 
4.1 Abstract 
Knowledge of surface roughness and tillage practices is essential to precision 
conservation efforts to reduce soil erosion and associated environmental impacts.  Current 
optical remote sensing can determine residue coverage; however additional information on 
surface roughness could enable determination of actual tillage practices.  Previous studies 
indicate that radar backscatter or a normalized radar backscatter soil roughness index (NBRI) 
can provide information on soil surface roughness under optimal test conditions.  To test the 
validity of these relations under non-optimal agricultural conditions data on surface residue, 
roughness, and tillage conditions was gathered in the 2004-5 and 2005-6 tillage seasons.  
RADARSAT imagery for 2004-5 was analyzed by backscatter versus random roughness or 
ridge height and no relationships were found.  Imagery for 2005-6 was analyzed by the 
natural log of NBRI versus random roughness or ridge height and no relationships were 
found.  Multiple confounding factors, such as topographic or surface moisture variations or 
inaccurate surface roughness data, are possible. 
4.2 Introduction 
Environmental degradation due to agricultural production remains a significant 
environmental problem, contributing to local and global problems of reduced topsoil depth 
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and organic matter content, streambank erosion, and excess sediment and nutrient problems 
in inland and coastal waterbodies; these effects cost billions of dollars per year (Pimentel et 
al., 1995).  Problems persist despite decades of research into erosion mechanics and 
prediction and billions of dollars spent on soil conservation practices.  These efforts have 
resulted in the development of numerous Best Management Practices (BMPs), with 
appropriate management of residue cover being one of the most important and cost effective 
techniques for improving environmental quality that a land manager has.  Maintaining 
increased amounts of residue on the soil surface has been shown to reduce water runoff and 
soil erosion (Blough et al., 1990) and build soil organic carbon (Halvorson et al., 2002, 
Moorman et al., 2004), all while reducing fertilizer and fuel inputs and maintaining a healthy 
environment for plant growth.  Consequently, adoption of minimum or no tillage techniques 
has increased significantly over the past few decades (NRCS, 2006), but remains at levels 
below those needed to stabilize soil loss and achieve acceptable environmental quality. 
Recent developments in lignocellulosic ethanol technology have made the conversion 
of lignin and cellulose into ethanol a commercial possibility and could decrease 
environmental quality with respect to soil erosion and organic matter.  Implementation of 
such a system has the potential to retard or reverse recent increases in residue cover fractions 
because farmers would have the ability to sell crop residues, particularly corn stover, as a 
secondary product for conversion into ethanol.  Although not common today except in 
limited amounts of corn silage, residue harvesting is expected to increase significantly with 
the development of commercial facilities for lignocellusosic ethanol conversion.  The first 
such commercial facility, capable of processing hundreds of thousands of tons of residue per 
year, has recently been announced by Broin Companies in Emmetsburg, IA (Poet Energy, 
2006) and will likely begin operation in 2008. 
Harvesting of residues is projected to occur in a one pass system, leaving corn stalks 
standing vertically in the field with very little additional leaf or stalk material to provide soil 
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cover.  The environmental impacts of such a harvesting system are not fully known at this 
time due to the dissimilarity of such a system to current harvesting systems, limiting the 
ability to extend current residue mass-residue cover relationships.  However, given the 
upright nature of the residue in such a system, water erosion losses will likely be higher for a 
given mass of residue of vertical residue than horizontal residue.  In addition to these 
unresolved questions on the impact of vertical residue cover on erosion, the NRCS has 
recommended that residue harvesting should use precision agriculture technology.  In such a 
system, cutting height (and unharvested biomass) would vary based on original plant 
biomass, soil erodibility, and slope/length factors to maintain erosion below T on a site-
specific basis. 
The deleterious impacts of such a change in management, coupled with the current 
sediment and nutrient impaired status of most agricultural watersheds illustrate the need for 
an improved methodology for determining the surface roughness of agricultural landscapes 
to both monitor changes in management strategies and anticipate environmental changes.  
Economic and time limitations dictate that such a method be both inexpensive and rapid, 
since surface roughness is a dynamic quantity dependent on the amount of biomass produced, 
crop type, harvesting method, tillage practices, decomposition, and residue harvesting. 
Development of such a methodology is hypothesized to rely on the combination of 
two different methods of remote sensing, optical and radar.  Optical remote sensing has been 
proven capable of determining residue cover (Gelder et al., 2007) and radar remote sensing 
has been shown capable of determining surface roughness (McNairn et al., 1996; McNairn et 
al., 1998).  If current radar remote sensing technology is capable of determining surface 
roughness, it is then hypothesized that surface configuration discrimination can be better 
resolved as in Figure 4.1.  This multiple sensor approach has proven useful before, with 
optical and radar data being successfully combined in Africa to enhance detection of urban 
and agricultural features (Haack et al., 2000) 
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Figure 4.1 Proposed Residue Cover/Surface Roughness Relationship to Tillage 
Research into optical methods for determining residue cover has developed numerous 
indices for determination of residue cover fractions.  Principally this research has centered on 
reflectance in the 2.1 and 2.3 um wavelengths due to strong cellulose and lignin absorption 
features (Curran, 1989; Elvidge, 1990).  This has lead to the development of successful 
hyperspectral and multispectral indices such as the Lignin Cellulose Absorption Index 
(Daughtry et al., 2005) and the Cellulose Absorption Index (Daughtry, 2001).  These features 
have also been utilized in Landsat indices such as the NDTI (van Deventer et al., 1997) and 
CRIM5,7 (Biard and Baret, 1997) which have returned good results in residue discrimination 
on dark soils (Thoma et al., 2004, Gelder et al., 2007) with r2 values of up to 0.85 and RMSE 
as low as 0.10. 
Research into radar determination of surface roughness has met with varying degrees 
of success.  Multiple wavelength, polarimetric radar data has returned good correlations with 
the Shuttle mounted Spaceborne Imaging Radar-C being able to differentiate between tilled 
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surfaces with little residue, untilled surfaces, and standing, senesced plants (McNairn et al., 
2002).  Theoretical models have been developed to use polarimetric data to predict surface 
roughness degrees of smooth surfaces (Small Perturbation Model; Ulaby et al., 1982), 
slightly rough surfaces (Physical Optics Model; Ulaby et al., 1982), rough surfaces 
(Geometric Optics Model; Ulaby et al., 1982), and dielectric rough surface (Integral Equation 
Model; Fung & Chen, 1992).  However, their small range of applicability in surface 
roughness conditions have led to the development of empirical models such as the Oh model 
(Oh et al., 1992), applicable on smooth to rough surfaces, and the Dubois mode (Dubois et 
al., 1995), applicable on smooth to medium-rough surfaces.   Although more widely 
applicable, problems still exist with the use of empirical models, as they require the use of 
polarimetric data; but commercial polarimetric radar satellites do not currently exist, limiting 
data collection possibilities.   
Due to this limitation, most experiments have been conducted using currently 
available, non-polarimetric, radar satellites such as RADARSAT or non-polarimetric 
scatterometers, i.e. non-imaging active radar systems.  These experiments have generally 
returned positive results with a C-band scatterometer experiment (McNairn et al., 1996) and 
C-band RADARSAT images (McNairn et al., 1998) returning correlations between 
backscatter and surface roughness at shallow incidence angles, generally greater than 40°.  
Additional research conducted by Sahebi et al. (2002) investigated the use of multiple angle 
imagery, in contrast to multiple polarization imagery, for surface roughness determination 
and found multiple angle imagery returned better results than multiple polarization imagery 
in a simulation study.  This resulted in the development of the normalized radar backscatter 
soil roughness index (NBRI) defined as 
0
2
0
1
0
2
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where σ0 0 represents an image of greater than 40° incidence angle image and σ1 2 is an 
image of approximately 20° incidence angle.  The natural log transformation of this index 
returned a correlation coefficient of 0.83 against random roughness on 10 test fields.  These 
studies have been limited however, in that they only investigated radar backscatter under 
extremely controlled situations and not those that would be found in a majority of production 
agriculture settings.  Previous studies were conducted on surfaces described as “relatively 
flat” and under controlled, uniform, soil moisture conditions. 
These results indicate that C-Band radar should have the ability to discriminate 
between no-till and tilled surface roughness configurations, and may be able to differentiate 
further between surface roughnesses if polarimetric or multi-angle data is available, however 
these capabilities have not been tested in uncontrolled, production agriculture fields.  To test 
the capabilities of C-Band radar to determine surface roughness and resolve soil management 
practices in conjunction with residue cover information under normal production conditions 
an experiment was designed with the following objectives: 
• Determine if single image, shallow incidence angle C-Band imagery can 
differentiate between no-till and tilled surface configurations under normal 
production circumstances 
• Determine if multiple image, multiple angle, C-Band imagery can 
differentiate between no-till and tilled surface configurations under normal 
production circumstances 
• If either of the above is successful, determine if combining radar and optical 
imagery can result in better classification of land management practices as in 
Figure 4.1. 
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4.3 Methods and Materials 
4.3.1 Ground Truth Data Collection 
Ground truth data on soil surface conditions were collected in 83 management units 
in the October 2004 - June 2005 tillage season and 76 management units in the October 2005 
– June 2006 tillage season.  Management units are defined as areas that are owned or 
operated by the same person, contains the same crop, and is managed using the same crop 
management practices at the same time.  Management units sampled contained either/both 
corn and soybean residue ranging from near zero to as high as possible (near 1.00 corn 
residue cover fraction or about 0.60 soybean residue cover fraction).  Locations included 
Boone, Story, and Hamilton counties of central Iowa on the Des Moines lobe consisting of 
glacial till and lake plain soils.  Topography varied from nearly level (less than 1% slope) to 
lightly rolling (up to 8% slope). 
Tillage implement application and orientation was assessed through visual 
interpretation of the soil surface roughness, residue cover, and tillage patterns in conjunction 
with consulting the management unit owner or operator.  Random roughness and ridge height 
were then estimated using a method similar to that employed by the Water Erosion Prediction 
Project (Alberts et al., 1995) or the Erosion Productivity Impact Calculator.  In this method, 
random roughness and ridge height are considered uniform are confor all tillage using the 
same practice.  Characteristic roughness and ridge height values are shown in Table 4.1.  
Roughness was not adjusted for rainfall as cumulative rainfall over the time period in 
question was only enough to reduce roughness by 1-2%.  Initial random roughness and ridge 
height for no-till corn management units was estimated at 0.020 m and 0.10 m, corn with 
chopped stalks was estimated at 0.010 m and 0.025 m, and soybean fields was estimated at 
0.008 m and 0.025 m, respectively.  These attributes were then assigned to management unit 
polygons delineated using the procedure of Gelder et al. (2007). 
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Table 4.1 Random Roughness and Ridge Height After Tillage 
Random 
Roughness 
(m) 
Ridge 
Height (m) Tillage Regime 
NH3 Applicator (after 
soybeans) 0.0088 0.025 
Chisel Plow (straight point) 0.0230 0.050 
Tandem Disk (finishing) 0.0260 0.050 
Disk Ripper (straight point) 0.0260 0.075 
Moldboard Plow 0.0430 0.050 
No-Till Soybeans 0.0080 0.025 
No-Till Corn 0.0200 0.100 
V Ripper (after corn) 0.0110 0.075 
V Ripper (after soybeans) 0.0094 0.075 
Planter (after no-till soybeans) 0.0086 0.025 
Planter (after field cultivator) 0.0146 0.025 
Planter (after no-till corn) 0.0172 0.075 
 
Soil moisture conditions were not intensively monitored during imagery collection.  
Soil moisture was found to vary widely both within and across management units, making 
the mean moisture content for each management unit somewhat meaningless.  Units were 
found to follow the generally established trend of decreasing crop residue and increasing 
elevation leading to decreased soil surface moisture.  Images were captured on additional 
dates not shown here; those with the most uniform and dry surface conditions were selected 
for purchase and analysis.  Days to significant rainfall and surface water status (ice or liquid) 
are shown in Table 4.2. 
 
Table 4.2 Days Since Significant Precipitation 
Days to Significant 
Precipitation 
Soil Water 
Status Imagery Date 
12/17/2004 9 days after 25 mm snow Ice 
3/3/2005 5 days after 6 mm snow Ice 
5/14/2005 2 days after 25 mm rain Liquid 
2/13/2006 4 days after 12 mm snow Ice 
2/26/2006 10 days after 12 mm snow Ice 
5/19/2006 5 days after 6 mm rain Liquid 
5/20/2006 6 days after 6 mm rain Liquid 
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4.3.2 Remote Sensing Imagery Collection 
Imagery was collected by the RADARSAT C-Band radar satellite in four different 
configurations: Fine 4 Far, a high resolution (7.3m range x 8.4m azimuth), decreased 
coverage (50km x 50km) shallow incidence angle (43°-46°), Standard 1, a medium 
resolution (24m x 27m), medium coverage (100km x 100km), steep incidence angle (19°-
27°), Standard 7, a medium resolution (19m x 27m), medium coverage (100km x 100km), 
shallow incidence setting (45°-49°), and Extended High 6, a medium resolution (16m x 
27m), medium coverage (75km x 75km), very shallow incidence angle (57°-60°).  All 
imagery was collected in Single Look Complex (SLC), which provides a radiometrically 
correct image product with little post processing. 
Extended High 6 and Fine 4 Far imagery was collected in the first year for use in 
evaluating single image surface roughness classification.  An Extended High 6 image was 
acquired due to its extremely shallow incidence angle, which the literature suggested should 
have a strong relationship to surface roughness.  Standard 1 and Standard 7 imagery was 
collected for use in multiple angle, NBRI determination of surface roughness.  Specific 
imagery dates are given in Table 4.3. 
 
Table 4.3 Imagery Dates and Beam Modes 
Imagery Date Beam Mode 
12/17/2004 Extended High 6 Ascending 
3/3/2005 Fine 4 Far Ascending 
5/14/2005 Fine 4 Far Ascending 
2/13/2006 Standard 7 Descending 
2/26/2006 Standard 1 Descending 
5/19/2006 Standard 1 Ascending 
5/20/2006 Standard 7 Descending 
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Imagery was received via compact disk and converted from native, slant-range 
RADARSAT CEOS format to ERDAS IMAGINE (ERDAS, 2005) slant range.  Images were 
then converted from slant to ground range in IMAGINE 9.0 using calculations established by 
RADARSAT International (2000) with a WGS 84 spheroid surface definition.  Images were 
then converted to radar backscatter values in dB, also known as σ0, also utilizing calculations 
established by RADARSAT International.  Ground range images were geographically 
corrected by georeferencing them to 2004 USDA National Agriculture Imagery Program 2m 
orthophotos which had been downgraded to 10m.  Images were georectified using ten ground 
control points with at least six points outside the sampled area and a 3rd order polynomial 
correction within a RMSE of 1.0.  Management unit mean and standard deviation of 
backscatter were then calculated over the management unit polygons described in the 
previous section with a -45 m buffer.  
4.4 Results and Discussion 
4.4.1 Imagery Description and Methods for Analysis 
SLC imagery comes in two different data layers, corresponding to the magnitude and 
phase components of the returned radar transmission.  Radar imagery is traditionally 
interpreted through radar backscatter values, which are a combination of both magnitude and 
phase components, although images displayed from radar data are typically only backscatter 
magnitude information.   
Areas of greater random roughness or ridge height return greater amounts of radar 
energy, resulting in high backscatter values.  Analysis of single radar imagery is generally 
conducted by comparing radar backscatter versus random roughness or ridge height.  If the 
first hypothesis holds, 2004-5 imagery will result in a positive correlation between radar 
backscatter and random roughness or ridge height.  Analysis of NBRI values from multiple 
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radar imagery is generally compared versus random roughness or ridge height.  Similarly, a 
po 
4.4.2 2004-5 Imagery Results 
Results for the first year of imagery collection did not show a strong correlation 
between estimated random roughness and radar backscatter (Figure 4.2) or ridge roughness 
and radar backscatter (Figure 4.3).  The standard deviation of random roughness and radar 
backscatter (an indication of texture) were also graphed with unremarkable results.  All 
combinations of random roughness or ridge height and radar backscatter were also analyzed 
in east-west and north-south tillage directions and with only corn or soybean residue covers, 
again with unremarkable results.  
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4.4.3 2005-6 Imagery Results 
Imagery collected during the second year of the test was analyzed using random 
roughness and ridge height versus the natural log of the NBRI as developed by Sahebi et al. 
(2002).  These results, shown in Figure 4.4 and Figure 4.5 do not exhibit the linear 
relationship between random roughness and the natural log of the NBRI found by Sahebi et 
al.  As with 2004-5 imagery, all combinations of random roughness or ridge height and radar 
backscatter in addition to ln NBRI were also analyzed in east-west and north-south tillage 
directions and with only corn or soybean residue covers, again with unremarkable results. 
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4.4.4 Overall Imagery Discussion 
Analysis of random roughness and ridge height versus radar backscatter or the natural 
log of the NBRI did not return any discernible relationships.  Grouping management units 
into tillage direction or residue cover type, factors that have shown significant effects in 
previous studies (McNairn et al., 1996; 1998), also did not return any discernible 
relationships. 
Possible reasons for the differences between the positive results returned by previous 
studies are many.  Previous studies have been conducted on what are described as “nearly 
flat” or “slight slope” agricultural fields (McNairn et al., 1996; 1998; Sahebi et al., 2002), 
however the management units evaluated in this study likely contained much larger 
variations in slope.  Flat fields are the ideal situation for testing radar response to surface 
 
 81 
roughness because radar responds to surface moisture variation (Major et al., 1994; Boisvert 
et al., 1995) and incidence angle.  Flat surfaces decreases these impacts by limiting surface 
moisture variation and local incidence angle variation due to topography.  Changes in surface 
moisture alter the dielectric properties of the soil and changes in local incidence angle 
influence the back calculation of radar backscatter (σ0), confounding determination of surface 
roughness.  No attempt was made to account for local incidence angle variations, due to the 
low accuracy of available digital elevation models.   
The low dielectric of frozen soil water conditions in the early season imagery should 
limit soil moisture impacts and dry snow has been shown to be transparent to radar (Brown et 
al., 1993).  However, from examination of Figure 4.2 to Figure 4.5, no difference is noted in 
the ability to determine surface roughness between December, February, and March versus 
May imagery dates.  Another possible problem is the fact that surface roughness was 
indirectly estimated in this experiment and not directly measured.  Differences between the 
random roughness created by the model tillage implements used by Alberts et al. (1995) and 
the actual tillage practices could contribute to a lack of correlation, however there does not 
appear to be any noticeable difference in radar backscatter or ln NBRI between no-till 
soybean and moldboard plow fields in the figures, even though random roughness between 
these two disparate, easily recognized, categories is large.  Residue cover has also been found 
to cause differences in radar returns (McNairn et al., 1996; 1998) but separation of 
management units into corn and soybean residue categories also failed to return a noticeable 
correlation. 
4.5 Conclusions 
Investigations into surface random roughness and ridge roughness and radar 
backscatter failed to return any significant findings, precluding the opportunity to develop an 
enhanced tillage classification model.  Possible confounding factors were investigated and 
 
 82 
most were determined to not likely impact radar response.  Factors remaining for further 
investigation include local topographic impacts on radar backscatter, which may be possible 
using new LiDAR digital elevation models, and more accurate determinations of surface 
random roughness using stereo-photography. 
The development of a method for determining surface roughness of management 
units still remains, and the lack of surface roughness data causes problems with determining 
tillage practices and estimating hydrologic parameters.  The launch of RADARSAT2 in 
summer 2007 will mark a new age in multi-polarimetric radar remote sensing capabilities 
and will hopefully enable the collection of quality surface roughness data. 
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CHAPTER 5. GENERAL CONCLUSIONS 
5.1 Review of Introduction 
Protection of the soil resource from further degradation due to erosion and organic 
carbon depletion, already a problem, will likely become increasingly difficult in the future 
due to enhanced degradation pressure from climate change and residue harvesting.  To 
enhance conservation efforts, targeting of areas in need of conservation practices is being 
accomplished using models to identify areas with high erosion and/or organic carbon 
depletion rates.  However, the datasets needed to parameterize these models are often not 
available, requiring the use of outdated or inadequate datasets and resulting in incorrect 
model output.  To overcome these deficiencies, new techniques will be investigated to 
determine the model parameters of crop cover, residue cover, and surface roughness. 
5.2 Review of Management Unit Determination 
The first project involved development and validation of methodologies for 
automatically determining management unit boundaries and corresponding crop cover.  This 
was accomplished using an intersection of filtered versions of the USDA FSA Common 
Land Unit map and the USDA NASS Cropland Data Layers.  Validation testing was 
conducted in Boone, Hamilton, and Story counties in central Iowa with management unit 
area estimated to within 10% of the mean and management unit centroids located within 30 
m on average and 165 m at a maximum.  Crop cover was correctly identified better than 95% 
of the time.  Errors were within USGS standard where applicable. 
5.3 Review of Residue Cover Determination 
After management units delineation was accomplished, work began on evaluating 
numerous published indices for residue cover determination in addition to a new index 
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proposed to be more resistant to green vegetation impacts.  A method for improving index 
estimates after the emergence of green vegetation was also developed.  Indices utilizing 
Landsat TM Band 7 in combination with Band 5 were best suited to estimating residue cover.  
Combinations of Band 7 and Band 3 were slightly less accurate, with combinations of Band 4 
and Band 5 least suited to estimating residue cover, especially after emergence of green 
vegetation.  The best indices estimated mean residue cover with a RMSE of 0.08 before 
green vegetation emergence and 0.11 after emergence.  Both errors compare favorably with 
the +/- 0.05-0.10 error in determining residue cover using published measurement methods. 
5.4 Review of RADAR Determination 
Lastly, an investigation into estimation of surface random roughness and ridge height 
from tillage practices was conducted in an attempt to further discriminate tillage practices 
based on residue cover and surface roughness.  Attempts were made to correlate estimated 
values with radar backscatter images gathered in 2004-5.  Two different resolutions and 
incidence angles were used but no correlations were found, even after taking into account the 
confounding factors of tillage direction and residue type.  Similar data on surface random 
roughness and ridge height was gathered in 2005-6 and compared versus the normalized 
radar backscatter soil roughness index.  The linear correlation previously reported was not 
observed, even after the previous confounding factors were taken into account.  It is 
theorized that additional confounding factors, such as local topography, soil moisture 
variations, and non-idealized tillage systems, complicated determination of the surface 
configuration. 
5.5 Implication of Research Results 
The decreasing accuracy of the above methodologies with non-optimal imagery dates 
illustrates the need for a robust remote sensing program if quality measurements of land 
management practices are to be made.  Both the land cover maps needed to delineate 
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management unit boundaries and the imagery for residue cover estimation require cloud free 
imagery.  However, the spring to summer timeframe during which these images need to be 
acquired are typically the cloudiest portion of the year, decreasing the likelihood of obtaining 
suitable imagery.  The Landsat 5 & 7 satellites used to collect the CDL imagery each have a 
temporal resolution of 16 days, meaning that an image of an area can only be obtained once 
every 16 days, but the offset in satellite passes mean that images are obtained every 8 days.  
Landsat 7, launched in 1999, developed a problem with the Scan Line Corrector (SLC) in 
2003 and since then imagery has only been available in SLC-off mode, resulting in 
incomplete image collection, inadequate for CDL interpretation.  Additionally, Landsat 5, 
launched in 1984, developed drive motor problems in 2005, generally limiting the area over 
which images can be collected to North America and will run out of fuel in early 2008.  
These reductions in Landsat capabilities have resulted in the substitution of Resourcesat-1 
AWiFS imagery for Landsat at reduced spatial resolution and spectral capabilities, resulting 
in decreased classification accuracy (USDA, 2007).  Landsat 8 is not projected to be 
launched until early 2010, meaning there will likely be a gap in Landsat coverage in 2009.   
Accurate residue cover measurements relied heavily on Landsat Band 7, a band that is 
only available on one other operational remote sensing program, the Chinese-Brazilian Earth 
Resources Satellites (CBERS), at a more limited, 56 m spatial resolution.  The better known 
remote sensing programs, such as SPOT or Resourcesat, have neglected this band, decreasing 
their capabilities for residue remote sensing.  Investment in additional satellites to increase 
residue determination capabilities would help alleviate these problems.   
The very positive results returned by this research project into remote sensing or 
residue and that by Thoma et al. (2004), when contrasted with the negative results returned 
by Sullivan et al. (2006) and Daughtry et al. (2005) indicate that further research is needed 
into the spectral response of different soils.  In these studies, the dark soils of the Midwest 
have shown good results and the lighter soils of the east coast and the southeast have shown 
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poor results when utilizing Landsat’s spectral bands.  Studies need to be conducted into what 
soils return acceptable results and which soils do not within Landsat’s capabilities.  These 
studies also indicated the negative impact of green vegetation on detecting residue cover.  
Future research should be directed into additional, alternative methods for reducing this 
impact and determining the limits for which green vegetation correction are acceptable as 
this will determine the observation window available for making residue measurements.  
Additional research is also needed into the spatial distribution of residue on the soil surface 
to help better evaluate the accuracy of residue cover indices. 
The poor results returned from this investigation into radar determination of surface 
roughness are contrasted by positive results returned in studies by McNairn et al. (1996; 
1998) and Sahebi et al. (2002).  This indicates that future research is needed in to the 
determination of surface roughness on agricultural fields under non-ideal conditions.  Further 
investigations should attempt to take into account all possible confounding factors to help 
limit uncharacterized sources of variation.  The launch of RADARSAT2 in the summer of 
2007 should enable better determination of surface roughness by adding multiple polarization 
data capabilities to those currently offered by RADARSAT. 
Overall, this dissertation has accomplished two of three goals laid out in the 
introduction.  Two methods have been developed and validated, enabling the automated 
determination of management unit boundaries and determination of residue cover under the 
adverse conditions of green vegetation.  Determination of surface roughness was not 
successfully achieved, limiting the ability to further discriminate tillage practices, however 
future satellite capabilities may overcome this barrier. 
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APPENDIX A. AUTOMATED DETERMINATION PROCESS 
DETAILS 
The custom filter used to remove small point, line, cross, and L-shaped features was 
implemented in ERDAS IMAGINE 9.0.  Figure A.1 is a screenshot from IMAGINE’s model 
builder.  The incomplete line leads off screen to a duplicate of the first process to further 
remove features that were not completely removed in the first pass.  IMAGINE has a limit to 
the number of processes contained in a model, hence the model was run twice to obtain 
satisfactory results, resulting if four passes of the process shown in Figure A.1.  Figure A.2 
and Figure A.3 show the commands contained in the decision functions shown in Figure A.1.  
Figure A.4 shows the values contained in the filter kernels.  
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Figure A.1 Details of model used in ERDAS IMAGINE 9.0 to custom filter image. 
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Figure A.2 Detail of “Either Focal Majority” function 
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Figure A.3 Detail of “Either” function 
 
 
 96  
 
n7_Custom_Integer 
 0 1 0  
 1 1 1  
 0 1 0  
     
n28_Custom_Integer 
0 0 1 0 0 
0 1 0 1 0 
1 0 1 1 0 
0 1 1 0 0 
0 0 0 0 0 
     
n25_Custom_Integer 
 0 0 1  
 1 0 1  
 1 1 1  
 0 1 0  
 0 0 0  
     
n29_Custom_Integer 
0 0 1 0 0 
0 1 0 1 0 
0 1 1 0 1 
0 0 1 1 0 
0 0 0 0 0 
     
n24_Custom_Integer 
 0 1 1  
 1 0 1  
 1 1 1  
     
n15_Custom_Integer 
0 0 1 1 0 
0 1 1 0 0 
0 0 1 1 0 
 
 
 
 
 
     
     
  
 
 
n30_Custom_Integer 
0 0 0 0 0 
0 0 1 1 0 
0 1 1 0 1 
0 1 0 1 0 
0 0 1 0 0 
     
n33_Custom_Integer 
0 0 1 1 0 
0 1 0 0 1 
0 0 1 1 0 
     
n23_Custom_Integer 
 0 0 0  
 0 1 0  
 1 1 1  
 1 0 1  
 1 0 1  
     
n32_Custom_Integer 
0 1 1 0 0 
1 0 0 1 0 
0 1 1 0 0 
     
n31_Custom_Integer 
0 0 0 0 0 
0 1 1 0 0 
1 0 1 1 0 
0 1 0 1 0 
0 0 1 0 0 
     
n19_Custom_Integer 
0 1 1 0 0 
0 0 1 1 0 
0 1 1 0 0 
  
 
Figure A.4.  Detail of kernel values 
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APPENDIX B. GROUND TRUTH DATA 
B.1 2004-5 Ground Truth Data 
Ground truth data was collected at a number of field locations in 2004 and 2005.  
After initial observations were made in a field an attempt was made to navigate back to the 
original point to collect additional information.  Data is divided into two sections to facilitate 
placement in this appendix; this is traceable though use of an index number which appear in 
the first column.  Other column descriptors are defined as follows: 
PREV_CROP : the predominant residue cover found in the point 
RES_DIR : predominant residue and tillage direction found at the point 
CHK1_DATE : date of first tillage inspection 
CHK1_TYPE : observed tillage operation at first tillage inspection 
stFOTO1_1 : number of 1  photo taken during first tillage inspection 
ndFOTO1_2 : number of 2  photo taken during first tillage inspection, non-overlapping with 
FOTO1_1 
CHK2_DATE : date of second tillage inspection 
CHK2_TYPE : observed tillage operation at second tillage inspection 
stFOTO2_1 : number of 1  photo taken during second tillage inspection 
ndFOTO2_2 : number of 2  photo taken during second tillage inspection, overlapping with 
FOTO2_1 for stereo viewing capabilities 
CHK3_DATE : date of third tillage inspection 
CHK3_TYPE : observed tillage operation at third tillage inspection 
CHK4_DATE : date of fourth tillage inspection 
CHK4_TYPE : observed tillage operation at fourth tillage inspection 
stFOTO4_1 : number of 1  photo taken during fourth tillage inspection 
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FOTO4_2 : number of 2nd photo taken during fourth tillage inspection, overlapping with 
FOTO4_1 for stereo viewing capabilities 
COMP1_1 : Computed residue cover on FOTO1_1 
COMP1_2 : Computed residue cover on FOTO1_2 
COMP2 : Computed residue cover on FOTO2 
COMP4 : Computed residue cover on FOTO4 
Point_X : WGS 1984 UTM Zone 15N X coordinate of point 
Point_Y : WGS 1984 UTM Zone 15N Y coordinate of point 
B.1.1 2004-5 Data 
Index_# PREV_CROP RESDIR CHK1_DATE CHK1_TYPE FOTO1_1 FOTO1_2 CHK2_DATE CHK2_TYPE FOTO2_1 FOTO2_2 
1 SOYBEANS E-W 11/26/2004 A A 2296 2297 4/4/2005 A A   
2 SOYBEANS E-W 11/26/2004 A A 2298 2299 4/4/2005 A A   
3 SOYBEANS E-W 11/26/2004 A A 2300 2301 4/4/2005 A A   
4 SOYBEANS E-W 11/26/2004 A A   4/4/2005 A A   
5 SOYBEANS E-W 11/26/2004 A A   4/4/2005 A A   
6 SOYBEANS E-W 12/2/2004 A A 2326 2327 4/5/2005 A A   
7 SOYBEANS E-W 12/2/2004 A A 2328 2329 4/5/2005 A A   
8 SOYBEANS E-W 12/2/2004 A A 2330 2331 4/5/2005 A A   
9 SOYBEANS N-S 12/1/2004 NONE 2314 2315 4/4/2005 A A 2611 2612 
10 SOYBEANS N-S 12/1/2004 NONE 2316 2317 4/4/2005 A A 2613 2614 
11 SOYBEANS N-S 12/1/2004 NONE 2318 2319 4/4/2005 A A 2615 2616 
12 SOYBEANS N-S     4/6/2005 A A 2726 2727 
13 SOYBEANS N-S     4/6/2005 A A 2728 2729 
14 SOYBEANS N-S     4/6/2005 A A 2730 2731 
15 SOYBEANS N-S     4/6/2005 A A 2732 2733 
16 SOYBEANS N-S     4/6/2005 A A 2734 2735 
17 SOYBEANS N-S     4/6/2005 A A 2736 2737 
18 SOYBEANS N-S     4/6/2005 A A 2738 2739 
19 SOYBEANS N-S     4/6/2005 A A 2740 2741 
20 SOYBEANS N-S     4/6/2005 A A 2742 2743 
21 SOYBEANS N-S     4/6/2005 A A 2744 2745 
22 SOYBEANS N-S     4/6/2005 A A 2716 2717 
23 SOYBEANS N-S     4/6/2005 A A 2718 2719 
24 SOYBEANS N-S     4/6/2005 A A 2720 2721 
25 SOYBEANS N-S     4/6/2005 A A 2722 2723 
26 SOYBEANS N-S     4/6/2005 A A 2724 2725 
27 SOYBEANS E-W 12/5/2004 A A       
28 SOYBEANS E-W 12/5/2004 A A       
29 SOYBEANS E-W 12/5/2004 A A 2491 2492     
30 SOYBEANS E-W 12/5/2004 A A 2493 2494     
31 SOYBEANS E-W 12/5/2004 A A 2495 2496     
32 SOYBEANS N-S 11/26/2004 A A 2290 2291     
33 SOYBEANS N-S 11/26/2004 A A 2292 2293     
34 SOYBEANS N-S 11/26/2004 A A 2294 2295     
35 SOYBEANS N-S 11/26/2004 A A       
36 SOYBEANS N-S 11/26/2004 A A       
37 CORN N-S 12/4/2004 C P 2368 2369 4/5/2005 C P   
38 CORN N-S 12/4/2004 C P 2370 2371 4/5/2005 C P   
39 CORN N-S 12/4/2004 C P 2372 2373 4/5/2005 C P   
40 CORN N-S 12/4/2004 C P 2374 2375 4/4/2005 C P   
41 CORN N-S 12/4/2004 C P 2376 2377 4/4/2005 C P   
42 CORN N-S 12/4/2004 C P 2378 2379 4/4/2005 C P   
43 CORN N-S 12/4/2004 C P   4/4/2005 C P   
44 CORN N-S 12/4/2004 C P   4/4/2005 C P   
45 CORN N-S 11/26/2004 C P 2266 2267 4/4/2005 C P 2605 2606 
46 CORN N-S 11/26/2004 C P 2268 2269 4/4/2005 C P 2607 2608 
47 CORN N-S 11/26/2004 C P 2270 2271 4/4/2005 C P 2609 2610 
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48 CORN N-S 11/26/2004 C P   4/4/2005 C P   
49 CORN N-S 11/26/2004 C P   4/4/2005 C P   
50 CORN N-S     4/6/2005 C P 2706 2707 
51 CORN N-S     4/6/2005 C P 2708 2709 
52 CORN N-S     4/6/2005 C P 2710 2711 
53 CORN N-S     4/6/2005 C P 2712 2713 
54 CORN N-S     4/6/2005 C P 2714 2715 
55 CORN E-W     4/5/2005 C P 2698 2699 
56 CORN E-W     4/5/2005 C P 2700 2701 
57 CORN E-W     4/5/2005 C P 2702 2703 
58 CORN E-W     4/5/2005 C P 2704 2705 
59 CORN E-W     4/5/2005 C P   
60 CORN N-S     4/5/2005 C P 2668 2669 
61 CORN N-S     4/5/2005 C P 2670 2671 
62 CORN N-S     4/5/2005 C P 2672 2673 
63 CORN N-S     4/5/2005 C P 2674 2675 
64 CORN N-S     4/5/2005 C P 2676 2677 
65 CORN E-W     4/5/2005 C P 2658 2659 
66 CORN E-W     4/5/2005 C P 2660 2661 
67 CORN E-W     4/5/2005 C P 2662 2663 
68 CORN E-W     4/5/2005 C P 2664 2665 
69 CORN E-W     4/5/2005 C P 2666 2667 
70 CORN N-S     4/5/2005 C P 2688 2689 
71 CORN N-S     4/5/2005 C P 2690 2691 
72 CORN N-S     4/5/2005 C P 2692 2693 
73 CORN N-S     4/5/2005 C P 2694 2695 
74 CORN N-S     4/5/2005 C P 2696 2697 
75 CORN N-S 11/24/2004 C P 2215      
76 CORN N-S 11/24/2004 C P 2216      
77 CORN N-S 11/24/2004 C P 2217      
78 CORN N-S 11/24/2004 C P       
79 CORN N-S 11/24/2004 C P       
80 CORN E-W     3/30/2005 DISK 2566 2567 
81 CORN E-W     3/30/2005 DISK 2568 2569 
82 CORN E-W     3/30/2005 DISK 2570 2571 
83 CORN E-W 11/26/2004 D R 2260 2261 4/4/2005 D R 2599 2600 
84 CORN E-W 11/26/2004 D R 2262 2263 4/4/2005 D R 2601 2602 
85 CORN E-W 11/26/2004 D R 2264 2265 4/4/2005 D R 2603 2604 
86 CORN E-W 11/26/2004 D R   4/4/2005 D R   
87 CORN E-W 11/26/2004 D R   4/4/2005 D R   
88 CORN E-W 12/5/2004 D R 2479 2480 4/5/2005 D R   
89 CORN E-W 12/5/2004 D R 2481 2482 4/5/2005 D R   
90 CORN E-W 12/5/2004 D R 2483 2484 4/5/2005 D R   
91 CORN N-S 12/5/2004 D R 2461 2462 4/5/2005 D R   
92 CORN N-S 12/5/2004 D R 2463 2464 4/5/2005 D R   
93 CORN N-S 12/5/2004 D R 2465 2466 4/5/2005 D R   
94 CORN N-S 12/5/2004 D R   4/5/2005 D R   
95 CORN N-S 12/5/2004 D R   4/5/2005 D R   
96 CORN N-S 12/5/2004 D R 2430 2431 4/5/2005 D R   
97 CORN N-S 12/5/2004 D R 2432 2433 4/5/2005 D R   
98 CORN N-S 12/5/2004 D R 2434 2435 4/5/2005 D R   
99 CORN N-S 12/5/2004 D R   4/5/2005 D R   
100 CORN N-S 12/5/2004 D R   4/5/2005 D R   
101 CORN  12/5/2004 D R 2424 2425 4/5/2005 D R   
102 CORN  12/5/2004 D R 2426 2427 4/5/2005 D R   
103 CORN  12/5/2004 D R 2428 2429 4/5/2005 D R   
104 CORN  12/5/2004 D R   4/5/2005 D R   
105 CORN  12/5/2004 D R   4/5/2005 D R   
106 CORN  11/26/2004 D R 2242 2243 4/4/2005 D R 2591 2592 
107 CORN  11/26/2004 D R 2244 2245 4/4/2005 D R 2587 2588 
108 CORN  11/26/2004 D R 2246 2247 4/4/2005 D R 2589 2590 
109 CORN N-S     4/6/2005 D R 2786 2787 
110 CORN N-S     4/6/2005 D R 2788 2789 
111 CORN N-S     4/6/2005 D R 2790 2791 
112 CORN N-S     4/6/2005 D R 2792 2793 
113 CORN N-S     4/6/2005 D R 2794 2795 
114 CORN E-W     4/6/2005 D R 2776 2777 
115 CORN E-W     4/6/2005 D R 2778 2779 
116 CORN E-W     4/6/2005 D R 2780 2781 
117 CORN E-W     4/6/2005 D R 2782 2783 
118 CORN E-W     4/6/2005 D R 2784 2785 
119 CORN N-S 11/26/2004 D R 2302 2303     
120 CORN N-S 11/26/2004 D R 2304 2305     
121 CORN N-S 11/26/2004 D R 2306 2307     
122 CORN N-S 12/4/2004 D R 2364 2365     
123 CORN N-S 12/4/2004 D R 2366 2367     
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124 CORN N-S 12/4/2004 D R 2362 2363     
125 CORN N-S 12/5/2004 D R 2485 2486     
126 CORN N-S 12/5/2004 D R 2487 2488     
127 CORN N-S 12/5/2004 D R 2489 2490     
128 CORN N-S 12/5/2004 D R       
129 CORN N-S 12/5/2004 D R       
130 CORN E-W 12/5/2004 D R 2467 2468     
131 CORN E-W 12/5/2004 D R 2469 2470     
132 CORN E-W 12/5/2004 D R 2471 2472     
133 CORN N-S 12/4/2004 D R 2350 2351     
134 CORN N-S 12/4/2004 D R 2352 2353     
135 CORN N-S 12/4/2004 D R 2354 2355     
136 CORN E-W 11/26/2004 D R 2272 2273     
137 CORN E-W 11/26/2004 D R 2274 2275     
138 CORN E-W 11/26/2004 D R 2276 2277     
139 SOYBEANS N-S 12/5/2004 C P 2455 2456 4/5/2005 C P   
140 SOYBEANS N-S 12/5/2004 C P 2457 2458 4/5/2005 C P   
141 SOYBEANS N-S 12/5/2004 C P 2459 2460 4/5/2005 C P   
142 SOYBEANS N-S 12/5/2004 C P   4/5/2005 C P   
143 SOYBEANS N-S 12/5/2004 C P   4/5/2005 C P   
144 CORN  11/24/2004 MOD PLOW 2212  4/5/2005 F C   
145 CORN  11/24/2004 MOD PLOW 2213  4/5/2005 F C   
146 CORN  11/24/2004 MOD PLOW 2214  4/5/2005 F C   
147 CORN  11/24/2004 MOD PLOW   4/5/2005 F C   
148 CORN  11/24/2004 MOD PLOW   4/5/2005 F C   
149 SOYBEANS E-W     3/30/2005 F C 2516 2517 
150 SOYBEANS E-W     3/30/2005 F C 2518 2519 
151 SOYBEANS E-W     3/30/2005 F C 2520 2521 
152 SOYBEANS E-W     3/30/2005 F C   
153 SOYBEANS E-W     3/30/2005 F C   
154 SOYBEANS E-W      F C   
155 SOYBEANS E-W      F C   
156 SOYBEANS E-W      F C   
157 SOYBEANS E-W      F C   
158 SOYBEANS E-W      F C   
159 SOYBEANS E-W     3/30/2005 F C 2510 2511 
160 SOYBEANS E-W     3/30/2005 F C 2512 2513 
161 SOYBEANS E-W     3/30/2005 F C 2514 2515 
162 SOYBEANS E-W     3/30/2005 F C   
163 SOYBEANS E-W     3/30/2005 F C   
164 CORN N-S 12/5/2004 C P 2473 2474     
165 CORN N-S 12/5/2004 C P 2475 2476     
166 CORN N-S 12/5/2004 C P 2477 2478     
167 SOYBEANS N-S 11/26/2004 C P 2278 2279     
168 SOYBEANS N-S 11/26/2004 C P 2280 2281     
169 SOYBEANS N-S 11/26/2004 C P 2282 2283     
170 SOYBEANS N-S 11/26/2004 C P       
171 SOYBEANS N-S 11/26/2004 C P       
172 CORN E-W 12/4/2004 D R 2356 2357     
173 CORN E-W 12/4/2004 D R 2358 2359     
174 CORN E-W 12/4/2004 D R 2360 2361     
175 CORN E-W 12/4/2004 D R       
176 CORN E-W 12/4/2004 D R       
177 CORN N-S 12/4/2004 MB PLOW 2418 2419 4/5/2005 MB PLOW 2652 2653 
178 CORN N-S 12/4/2004 MB PLOW 2420 2421 4/5/2005 MB PLOW 2654 2655 
179 CORN N-S 12/4/2004 MB PLOW 2422 2423 4/5/2005 MB PLOW 2656 2657 
180 CORN E-W     3/30/2005 MB PLOW 2522 2523 
181 CORN E-W     3/30/2005 MB PLOW 2524 2525 
182 CORN E-W     3/30/2005 MB PLOW 2526 2527 
183 CORN E-W     3/30/2005 MB PLOW   
184 CORN E-W     3/30/2005 MB PLOW   
185 CORN E-W     3/29/2005 MB PLOW 2497 2498 
186 CORN E-W     3/29/2005 MB PLOW 2500 2501 
187 CORN E-W     3/29/2005 MB PLOW 2502 2503 
188 CORN E-W     3/29/2005 MB PLOW   
189 CORN E-W     3/29/2005 MB PLOW   
190 CORN E-W     3/30/2005 MB PLOW 2504 2505 
191 CORN E-W     3/30/2005 MB PLOW 2506 2507 
192 CORN E-W     3/30/2005 MB PLOW 2508 2509 
193 CORN E-W     3/30/2005 MB PLOW   
194 CORN E-W     3/30/2005 MB PLOW   
195 CORN E-W     3/30/2005 MB PLOW 2552 2553 
196 CORN E-W     3/30/2005 MB PLOW 2556 2557 
197 CORN E-W     3/30/2005 MB PLOW 2558 2559 
198 CORN E-W     3/30/2005 MB PLOW   
199 CORN E-W     3/30/2005 MB PLOW   
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200 SOYBEANS E-W 11/26/2004 NONE 2236 2237 4/4/2005 NONE 2576 2577 
201 SOYBEANS E-W 11/26/2004 NONE 2238 2239 4/4/2005 NONE 2578 2579 
202 SOYBEANS E-W 11/26/2004 NONE 2240 2241 4/4/2005 NONE 2574 2575 
203 SOYBEANS E-W 11/26/2004 NONE   4/4/2005 NONE   
204 SOYBEANS E-W 11/26/2004 NONE   4/4/2005 NONE   
205 SOYBEANS E-W 11/26/2004 NONE 2254 2255 4/4/2005 NONE 2593 2594 
206 SOYBEANS E-W 11/26/2004 NONE 2256 2257 4/4/2005 NONE 2595 2596 
207 SOYBEANS E-W 11/26/2004 NONE 2258 2259 4/4/2005 NONE 2597 2598 
208 SOYBEANS E-W 11/26/2004 NONE   4/4/2005 NONE   
209 SOYBEANS E-W 11/26/2004 NONE   4/4/2005 NONE   
210 SOYBEANS N-S 12/1/2004 NONE 2320 2321 4/4/2005 NONE   
211 SOYBEANS N-S 12/1/2004 NONE 2322 2323 4/4/2005 NONE   
212 SOYBEANS N-S 12/1/2004 NONE 2324 2325 4/4/2005 NONE   
213 SOYBEANS N-S 12/1/2004 NONE   4/4/2005 NONE   
214 SOYBEANS N-S 12/1/2004 NONE   4/4/2005 NONE   
215 CORN N-S 12/2/2004 NONE 2338 2339 4/5/2005 NONE   
216 CORN N-S 12/2/2004 NONE 2340 2341 4/5/2005 NONE   
217 CORN N-S 12/2/2004 NONE 2342 2343 4/5/2005 NONE   
218 SOYBEANS E-W 12/1/2004 NONE 2308 2309 4/4/2005 NONE 2582 2583 
219 SOYBEANS E-W 12/1/2004 NONE 2310 2311 4/4/2005 NONE 2584 2585 
220 SOYBEANS E-W 12/1/2004 NONE 2312 2313 4/4/2005 NONE 2580 2581 
221 SOYBEANS E-W 12/1/2004 NONE   4/4/2005 NONE   
222 SOYBEANS E-W 12/1/2004 NONE   4/4/2005 NONE   
223 CORN N-S     4/6/2005 NONE 2806 2807 
224 CORN N-S     4/6/2005 NONE 2808 2809 
225 CORN N-S     4/6/2005 NONE 2810 2811 
226 CORN N-S     4/6/2005 NONE 2812 2813 
227 CORN N-S     4/6/2005 NONE 2814 2815 
228 SOYBEANS N-S     3/30/2005 NONE 2560 2561 
229 SOYBEANS N-S     3/30/2005 NONE 2562 2563 
230 SOYBEANS N-S     3/30/2005 NONE 2564 2565 
231 SOYBEANS N-S     3/30/2005 NONE   
232 SOYBEANS N-S     3/30/2005 NONE   
233 CORN N-S     4/6/2005 NONE 2796 2797 
234 CORN N-S     4/6/2005 NONE 2798 2799 
235 CORN N-S     4/6/2005 NONE 2800 2801 
236 CORN N-S     4/6/2005 NONE 2802 2803 
237 CORN N-S     4/6/2005 NONE 2804 2805 
238 CORN N-S     4/6/2005 NONE 2746 2747 
239 CORN N-S     4/6/2005 NONE 2748 2749 
240 CORN N-S     4/6/2005 NONE 2750 2751 
241 CORN N-S     4/6/2005 NONE 2752 2753 
242 CORN N-S     4/6/2005 NONE 2754 2755 
243 CORN E-W     4/4/2005 NONE 2617 2618 
244 CORN E-W     4/4/2005 NONE 2619 2620 
245 CORN E-W     4/4/2005 NONE 2621 2622 
246 CORN E-W     4/4/2005 NONE   
247 CORN E-W     4/4/2005 NONE   
248 CORN N-S     4/6/2005 NONE 2766 2767 
249 CORN N-S     4/6/2005 NONE 2768 2769 
250 CORN N-S     4/6/2005 NONE 2770 2771 
251 CORN N-S     4/6/2005 NONE 2772 2773 
252 CORN N-S     4/6/2005 NONE 2774 2775 
253 SOYBEANS N-S     4/5/2005 NONE 2678 2679 
254 SOYBEANS N-S     4/5/2005 NONE 2680 2681 
255 SOYBEANS N-S     4/5/2005 NONE 2682 2683 
256 SOYBEANS N-S     4/5/2005 NONE 2684 2685 
257 SOYBEANS N-S     4/5/2005 NONE 2686 2687 
258 CORN E-W     4/4/2005 NONE 2623 2624 
259 CORN E-W     4/4/2005 NONE 2625 2626 
260 CORN E-W     4/4/2005 NONE 2627 2628 
261 CORN E-W     4/4/2005 NONE   
262 CORN E-W     4/4/2005 NONE   
263 SOYBEANS E-W     4/5/2005 NONE 2642 2643 
264 SOYBEANS E-W     4/5/2005 NONE 2644 2645 
265 SOYBEANS E-W     4/5/2005 NONE 2646 2647 
266 SOYBEANS E-W     4/5/2005 NONE 2648 2649 
267 SOYBEANS E-W     4/5/2005 NONE 2650 2651 
268 SOYBEANS E-W     3/30/2005 NONE 2540 2541 
269 SOYBEANS E-W     3/30/2005 NONE 2542 2543 
270 SOYBEANS E-W     3/30/2005 NONE 2544 2545 
271 SOYBEANS E-W      NONE   
272 SOYBEANS E-W      NONE   
273 CORN E-W      NONE   
274 CORN E-W      NONE   
275 CORN E-W      NONE   
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276 CORN E-W      NONE   
277 CORN E-W      NONE   
278 SOYBEANS E-W 12/4/2004 A A 2386 2387 4/4/2005 A A   
279 SOYBEANS E-W 12/4/2004 A A 2388 2389 4/4/2005 A A   
280 SOYBEANS E-W 12/4/2004 A A 2390 2391 4/4/2005 A A   
281 SOYBEANS N-S 12/4/2004 A A 2380 2381 4/4/2005 A A   
282 SOYBEANS N-S 12/4/2004 A A 2382 2383 4/4/2005 A A   
283 SOYBEANS N-S 12/4/2004 A A 2384 2385 4/4/2005 A A   
284 SOYBEANS N-S 12/4/2004 A A   4/4/2005 A A   
285 SOYBEANS N-S 12/4/2004 A A   4/4/2005 A A   
286 ALFALFA #N/A     3/30/2005 MB PLOW 2534 2535 
287 ALFALFA #N/A     3/30/2005 MB PLOW 2536 2537 
288 ALFALFA #N/A     3/30/2005 MB PLOW 2538 2539 
289 ALFALFA #N/A     3/30/2005 MB PLOW   
290 ALFALFA #N/A     3/30/2005 MB PLOW   
291 SOYBEANS N-S 12/2/2004 NONE 2332 2333 4/5/2005 NONE   
292 SOYBEANS N-S 12/2/2004 NONE 2334 2335 4/5/2005 NONE   
293 SOYBEANS N-S 12/2/2004 NONE 2336 2337 4/5/2005 NONE   
294 SOYBEANS N-S 12/2/2004 NONE   4/5/2005 NONE   
295 SOYBEANS N-S 12/2/2004 NONE   4/5/2005 NONE   
296 SOYBEANS E-W 11/26/2004 A A 2248 2249     
297 SOYBEANS E-W 11/26/2004 A A 2250 2251     
298 SOYBEANS E-W 11/26/2004 A A 2252 2253     
299 SOYBEANS E-W 11/26/2004 A A       
300 SOYBEANS E-W 11/26/2004 A A       
301 SOYBEANS N-S 12/4/2004 R H 2406 2407     
302 SOYBEANS N-S 12/4/2004 R H 2408 2409     
303 SOYBEANS N-S 12/4/2004 R H 2410 2411     
304 SOYBEANS N-S 12/4/2004 R H       
305 SOYBEANS N-S 12/4/2004 R H       
306 CORN E-W 12/2/2004 NONE 2344 2345 4/5/2005 RIPPER   
307 CORN E-W 12/2/2004 NONE 2346 2347 4/5/2005 RIPPER   
308 CORN E-W 12/2/2004 NONE 2348 2349 4/5/2005 RIPPER   
309 SOYBEANS E-W 11/25/2004 RIPPER 2230 2231 4/5/2005 RIPPER   
310 SOYBEANS E-W 11/25/2004 RIPPER 2232 2233 4/5/2005 RIPPER   
311 SOYBEANS E-W 11/25/2004 RIPPER 2234 2235 4/5/2005 RIPPER   
312 SOYBEANS E-W 11/25/2004 RIPPER   4/5/2005 RIPPER   
313 SOYBEANS E-W 11/25/2004 RIPPER   4/5/2005 RIPPER   
314 CORN E-W 12/5/2004 RIPPER 2437 2438 4/5/2005 RIPPER   
315 CORN E-W 12/5/2004 RIPPER 2439 2440 4/5/2005 RIPPER   
316 CORN E-W 12/5/2004 RIPPER 2441 2442 4/5/2005 RIPPER   
317 CORN E-W 12/5/2004 RIPPER   4/5/2005 RIPPER   
318 CORN E-W 12/5/2004 RIPPER   4/5/2005 RIPPER   
319 CORN E-W 11/25/2004 RIPPER 2224 2225 4/5/2005 RIPPER   
320 CORN E-W 11/25/2004 RIPPER 2226 2227 4/5/2005 RIPPER   
321 CORN E-W 11/25/2004 RIPPER 2228 2229 4/5/2005 RIPPER   
322 CORN E-W 11/25/2004 RIPPER   4/5/2005 RIPPER   
323 CORN E-W 11/25/2004 RIPPER   4/5/2005 RIPPER   
324 CORN E-W 11/26/2004 RIPPER 2284 2285 4/4/2005 RIPPER   
325 CORN E-W 11/26/2004 RIPPER 2286 2287 4/4/2005 RIPPER   
326 CORN E-W 11/26/2004 RIPPER 2288 2289 4/4/2005 RIPPER   
327 CORN E-W 11/26/2004 RIPPER   4/4/2005 RIPPER   
328 CORN E-W 11/26/2004 RIPPER   4/4/2005 RIPPER   
329 CORN E-W     3/30/2005 RIPPER 2528 2529 
330 CORN E-W     3/30/2005 RIPPER 2532 2533 
331 CORN E-W     3/30/2005 RIPPER   
332 CORN E-W     3/30/2005 RIPPER   
333 CORN E-W     4/7/2005 RIPPER 2816 2817 
334 CORN E-W     4/7/2005 RIPPER 2818 2819 
335 CORN E-W     4/7/2005 RIPPER 2820 2821 
336 CORN E-W     4/7/2005 RIPPER 2822 2823 
337 CORN E-W     4/7/2005 RIPPER 2824 2825 
338 CORN N-S     4/7/2005 RIPPER 2826 2827 
339 CORN N-S     4/7/2005 RIPPER 2828 2829 
340 CORN N-S     4/7/2005 RIPPER 2830 2831 
341 CORN N-S     4/7/2005 RIPPER 2832 2833 
342 CORN N-S     4/7/2005 RIPPER 2834 2835 
343 CORN E-W     4/5/2005 RIPPER 2632 2633 
344 CORN E-W     4/5/2005 RIPPER 2634 2635 
345 CORN E-W     4/5/2005 RIPPER 2636 2637 
346 CORN E-W     4/5/2005 RIPPER 2638 2639 
347 CORN E-W     4/5/2005 RIPPER 2640 2641 
348 CORN E-W     4/6/2005 RIPPER 2756 2757 
349 CORN E-W     4/6/2005 RIPPER 2758 2759 
350 CORN E-W     4/6/2005 RIPPER 2760 2761 
351 CORN E-W     4/6/2005 RIPPER 2764 2765 
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352 CORN E-W     4/6/2005 RIPPER 2762 2763 
353 CORN  12/5/2004 RIPPER 2443 2444     
354 CORN  12/5/2004 RIPPER 2445 2446     
355 CORN  12/5/2004 RIPPER 2447 2448     
356 CORN  12/5/2004 RIPPER       
357 CORN  12/5/2004 RIPPER       
358 SOYBEANS N-S 12/5/2004 RIPPER 2449 2450     
359 SOYBEANS N-S 12/5/2004 RIPPER 2451 2452     
360 SOYBEANS N-S 12/5/2004 RIPPER 2453 2454     
361 SOYBEANS N-S 12/5/2004 RIPPER       
362 SOYBEANS N-S 12/5/2004 RIPPER       
363 CORN E-W 12/4/2004 R H 2399 2400     
364 CORN E-W 12/4/2004 R H 2402 2403     
365 CORN E-W 12/4/2004 R H 2404 2405     
366 CORN E-W 12/4/2004 R H       
367 CORN E-W 12/4/2004 R H       
368 SOYBEANS E-W 12/4/2004 R H 2392 2393     
369 SOYBEANS E-W 12/4/2004 R H 2395 2396     
370 SOYBEANS E-W 12/4/2004 R H 2397 2398     
371 SOYBEANS E-W 12/4/2004 R H       
372 SOYBEANS E-W 12/4/2004 R H       
373 SOYBEANS       R H   
374 SOYBEANS       R H   
375 SOYBEANS       R H   
376 SOYBEANS       R H   
377 SOYBEANS       R H   
378 SOYBEANS          
379 SOYBEANS          
380 SOYBEANS          
381 SOYBEANS          
382 SOYBEANS          
B.1.2 2004-5 Data Continued 
Index_# CHK3_DAT
E 
CHK3_TYP
E 
CHK4_DAT
E 
CHK4_TY
PE 
FOTO4
_1 
FOTO4
_2 
COMP
1_1 
COMP1
_2 
COMP
2 
COMP
4 
Point_X Point_Y 
1 4/16/05 A A 6/5/05  PLANTER 3097 3098 29.4 16.0 0.0 5.6 440959.53 4641379.28 
2 4/16/05 A A 6/5/05  PLANTER 3103 3104 52.2 43.3 0.0 11.1 440949.81 4641456.34 
3 4/16/05 A A 6/5/05  PLANTER 3099 3100 40.1 39.0 0.0 23.3 441051.07 4641401.65 
4 4/16/05 A A 6/5/05  PLANTER 3101 3102 0.0 0.0 0.0 5.6 441056.15 4641446.95 
5 4/16/05 A A 6/5/05  PLANTER 3105 3106 0.0 0.0 0.0 22.3 440894.64 4641404.24 
6 4/17/05 A A     35.5 28.6 0.0 0.0 450138.55 4669587.63 
7 4/17/05 A A     34.2 38.3 0.0 0.0 450058.18 4669589.68 
8 4/17/05 A A     0.0 0.0 0.0 0.0 450026.08 4669528.09 
9 4/16/05 A A 6/5/05  PLANTER 3107 3108 0.0 0.0 30.3 9.9 440423.45 4641415.21 
10 4/16/05 A A 6/5/05  PLANTER 3109 3110 0.0 0.0 32.7 11.1 440407.43 4641498.99 
11 4/16/05 A A 6/5/05  PLANTER 3115 3116 70.7 77.2 37.4 16.4 440301.62 4641423.63 
12 4/16/05 A A 6/6/05  PLANTER 3217  0.0 0.0 23.7 23.0 440350.15 4657970.23 
13 4/16/05 A A 6/6/05  PLANTER 3218  0.0 0.0 31.4 11.0 440363.14 4658038.41 
14 4/16/05 A A 6/6/05  PLANTER 3219  0.0 0.0 31.8 14.1 440332.64 4658084.94 
15 4/16/05 A A 6/6/05  PLANTER 3220  0.0 0.0 33.0 10.0 440295.05 4658122.82 
16 4/16/05 A A 6/6/05  PLANTER 3221  0.0 0.0 25.4 11.7 440247.50 4658141.91 
17 4/16/05 A A 6/6/05  PLANTER 3222  0.0 0.0 32.1 3.8 440155.85 4658147.13 
18 4/16/05 A A 6/6/05  PLANTER 3223  0.0 0.0 33.5 8.3 440106.03 4658109.06 
19 4/16/05 A A 6/6/05  PLANTER 3224  0.0 0.0 26.9 9.6 440064.44 4658066.11 
20 4/16/05 A A 6/6/05  PLANTER 3225  0.0 0.0 33.7 7.9 440017.67 4657997.84 
21 4/16/05 A A 6/6/05  PLANTER 3226  0.0 0.0 25.6 5.9 440111.42 4657963.37 
22 4/16/05 A A 6/5/05  PLANTER 3137 3138 0.0 0.0 35.2 12.3 440962.23 4657970.65 
23 4/16/05 A A 6/5/05  PLANTER 3139 3140 0.0 0.0 44.8 23.7 440917.09 4657997.31 
24 4/16/05 A A 6/5/05  PLANTER 3141 3142 0.0 0.0 33.4 12.4 440871.48 4658016.93 
25 4/16/05 A A 6/5/05  PLANTER 3143 3144 0.0 0.0 56.8 18.1 440826.74 4657976.59 
26 4/16/05 A A 6/5/05  PLANTER 3145 3146 0.0 0.0 57.6 7.5 440891.91 4657954.58 
27 4/17/05 A A 6/7/05  PLANTER 3261  0.0 0.0 0.0 8.4 448494.51 4665152.73 
28 4/17/05 A A 6/7/05  PLANTER 3262  0.0 0.0 0.0 6.1 448453.36 4665157.10 
29 4/17/05 A A 6/7/05  PLANTER 3260  24.0 24.3 0.0 6.3 448538.12 4665145.56 
30 4/17/05 A A 6/7/05  PLANTER 3259  47.3 42.0 0.0 9.7 448588.60 4665153.89 
31 4/17/05 A A 6/7/05  PLANTER 3258  37.0 31.1 0.0 5.2 448645.90 4665153.85 
32 4/16/05 A A 6/5/05  PLANTER 3067 3068 82.6 84.0 0.0 29.5 442053.13 4641391.01 
33 4/16/05 A A 6/5/05  PLANTER 3069 3070 87.3 83.9 0.0 20.7 442044.55 4641457.70 
34 4/16/05 A A 6/5/05  PLANTER 3075 3076 90.8 87.5 0.0 31.3 441996.92 4641379.25 
35 4/16/05 A A 6/5/05  PLANTER 3071 3072 0.0 0.0 0.0 20.9 442015.91 4641453.49 
36 4/16/05 A A 6/5/05  PLANTER 3073 3074 0.0 0.0 0.0 31.9 441975.20 4641410.89 
37 4/16/05 C P     25.0 32.0 0.0 0.0 442210.15 4646590.29 
38 4/16/05 C P     25.3 34.7 0.0 0.0 442254.85 4646550.69 
39 4/16/05 C P     34.0 24.6 0.0 0.0 442208.82 4646512.20 
40 4/16/05 C P 6/5/05  PLANTER 3047 3048 21.9 24.1 0.0 20.6 442205.71 4645433.70 
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41 4/16/05 C P 6/5/05  PLANTER 3049 3050 20.9 22.0 0.0 30.5 442281.34 4645409.58 
42 4/16/05 C P 6/5/05  PLANTER 3051 3052 27.9 16.5 0.0 13.2 442345.57 4645374.82 
43 4/16/05 C P 6/5/05  PLANTER 3053 3054 0.0 0.0 0.0 18.9 442371.64 4645371.09 
44 4/16/05 C P 6/5/05  PLANTER 3055 3056 0.0 0.0 0.0 18.6 442409.64 4645372.63 
45 4/16/05 C P 6/9/05  PLANTER 3316  37.1 42.6 25.9 29.8 445335.18 4644094.07 
46 4/16/05 C P 6/9/05  PLANTER 3318  18.1 14.4 30.8 22.0 445251.90 4644079.54 
47 4/16/05 C P 6/9/05  PLANTER 3320  35.6 37.6 21.2 23.7 445300.08 4644003.29 
48 4/16/05 C P 6/9/05  PLANTER 3317  0.0 0.0 0.0 27.6 445280.34 4644130.95 
49 4/16/05 C P 6/9/05  PLANTER 3319  0.0 0.0 0.0 22.9 445257.61 4644031.75 
50 4/16/05 C P 6/6/05  PLANTER 3216  0.0 0.0 33.1 14.7 441373.92 4658049.76 
51 4/16/05 C P 6/6/05  PLANTER 3215  0.0 0.0 37.3 18.1 441338.00 4658024.52 
52 4/16/05 C P 6/6/05  PLANTER 3214  0.0 0.0 29.9 23.2 441314.22 4658000.11 
53 4/16/05 C P 6/6/05  PLANTER 3213  0.0 0.0 34.8 15.5 441293.32 4657957.16 
54 4/16/05 C P 6/6/05  PLANTER 3212  0.0 0.0 32.3 18.6 441353.42 4657938.71 
55  C P 6/7/05  PLANTER 3248  0.0 0.0 51.5 32.0 442465.13 4654605.65 
56  C P 6/7/05 PLANTER 3249  0.0 0.0 49.0 32.6 442445.31 4654577.50 
57  C P 6/7/05 PLANTER 3250  0.0 0.0 48.0 29.3 442437.25 4654536.85 
58  C P 6/7/05 PLANTER 3251  0.0 0.0 53.6 28.6 442452.72 4654504.34 
59  C P 6/7/05 PLANTER 3252  0.0 0.0 0.0 39.4 442475.56 4654497.49 
60  C P 6/6/05  PLANTER 3232  0.0 0.0 25.1 21.6 443454.81 4654505.70 
61  C P 6/6/05  PLANTER 3233  0.0 0.0 19.6 11.1 443482.16 4654493.27 
62  C P 6/6/05  PLANTER 3234  0.0 0.0 27.4 20.7 443507.61 4654518.79 
63  C P 6/6/05  PLANTER 3235  0.0 0.0 17.6 25.6 443513.62 4654563.16 
64  C P 6/6/05  PLANTER 3236  0.0 0.0 13.7 8.4 443469.28 4654590.16 
65  C P 6/6/05  PLANTER 3227  0.0 0.0 23.6 15.3 443364.94 4654584.15 
66  C P 6/6/05  PLANTER 3228  0.0 0.0 14.9 17.8 443346.61 4654551.73 
67  C P 6/6/05  PLANTER 3229  0.0 0.0 24.0 21.5 443335.51 4654526.65 
68  C P 6/6/05  PLANTER 3230  0.0 0.0 30.9 26.5 443356.92 4654495.75 
69  C P 6/6/05  PLANTER 3231  0.0 0.0 38.1 23.2 443391.23 4654525.09 
70  C P 6/7/05  PLANTER 3243  0.0 0.0 47.2 32.8 442985.93 4654919.19 
71  C P 6/7/05  PLANTER 3244  0.0 0.0 40.0 38.3 442973.29 4654873.96 
72  C P 6/7/05  PLANTER 3245  0.0 0.0 35.2 22.6 442963.86 4654834.06 
73  C P 6/7/05 PLANTER 3246  0.0 0.0 40.4 25.8 442967.87 4654783.87 
74  C P 6/7/05 PLANTER 3247  0.0 0.0 39.0 42.2 442979.64 4654737.70 
75 4/17/05 C P 6/9/05  PLANTER 3363  24.4 0.0 0.0 16.0 450047.77 4671227.57 
76 4/17/05 C P 6/9/05  PLANTER 3362  21.7 0.0 0.0 28.2 450039.36 4671322.75 
77 4/17/05 C P 6/9/05  PLANTER 3361  22.0 0.0 0.0 20.0 450052.30 4671343.57 
78 4/17/05 C P 6/9/05  PLANTER 3364  0.0 0.0 0.0 21.7 449976.85 4671243.08 
79 4/17/05 C P 6/9/05  PLANTER 3365  0.0 0.0 0.0 22.1 449958.94 4671338.64 
80  DISK     0.0 0.0 32.5 0.0 453485.50 4655974.62 
81  DISK     0.0 0.0 32.1 0.0 453547.18 4656021.22 
82  DISK     0.0 0.0 32.7 0.0 453564.27 4655977.62 
83  D R 6/3/05  PLANTER 3017 3018 14.3 21.1 28.0 11.1 446088.46 4646431.71 
84  D R 6/3/05  PLANTER 3019 3020 27.2 31.4 16.7 19.5 446103.30 4646495.08 
85  D R 6/3/05  PLANTER 3021 3022 31.1 18.8 24.6 12.8 446206.09 4646481.71 
86  D R 6/3/05  PLANTER 3015 3016 0.0 0.0 0.0 12.8 445975.90 4646432.20 
87  D R 6/3/05  PLANTER 3023 3024 0.0 0.0 0.0 20.9 446190.42 4646437.42 
88 4/17/05 D R 5/26/05 PLANTER 2909 2910 36.1 53.4 0.0 21.1 450465.28 4671830.15 
89 4/17/05 D R 5/26/05 PLANTER 2911 2912 51.4 52.2 0.0 22.9 450463.48 4671769.09 
90 4/17/05 D R 5/26/05 PLANTER 2913 2914 48.9 53.4 0.0 37.7 450454.73 4671718.63 
91 4/17/05 D R 6/7/05  PLANTER 3310  45.0 44.7 0.0 30.2 450274.73 4668461.29 
92 4/17/05 D R 6/7/05  PLANTER 3311  37.3 34.1 0.0 28.4 450281.71 4668514.17 
93 4/17/05 D R 6/7/05 PLANTER 3309  41.2 35.4 0.0 33.3 450323.25 4668469.46 
94 4/17/05 D R 6/7/05  PLANTER 3312  0.0 0.0 0.0 28.6 450302.95 4668558.81 
95 4/17/05 D R 6/7/05  PLANTER 3313  0.0 0.0 0.0 24.9 450329.70 4668504.95 
96  D R 6/7/05  PLANTER 3296  29.0 44.5 0.0 33.7 450245.84 4667664.43 
97  D R 6/7/05  PLANTER 3295  30.8 43.6 0.0 25.8 450252.91 4667729.15 
98  D R 6/7/05  PLANTER 3294  51.8 34.3 0.0 22.9 450303.84 4667747.30 
99  D R 6/7/05  PLANTER 3293  0.0 0.0 0.0 19.3 450310.06 4667809.06 
100  D R 6/7/05  PLANTER 3297  0.0 0.0 0.0 40.5 450289.86 4667639.69 
101  D R 6/7/05  PLANTER 3278  41.5 35.0 0.0 0.0 450259.56 4666859.86 
102  D R 6/7/05  PLANTER 3281  39.1 38.3 0.0 18.2 450187.72 4666883.13 
103  D R 6/7/05  PLANTER 3279  38.6 51.5 0.0 37.3 450269.32 4666893.84 
104  D R 6/7/05  PLANTER 3280  0.0 0.0 0.0 33.7 450225.88 4666923.57 
105  D R 6/7/05  PLANTER 3282  0.0 0.0 0.0 31.8 450226.60 4666850.65 
106 4/17/05 D R 6/2/05  PLANTER 2991 2992 26.9 22.4 24.6 20.4 445799.87 4645987.18 
107 4/17/05 D R 6/2/05  PLANTER 2993 2994 23.7 25.9 25.6 14.3 445790.73 4645911.00 
108 4/17/05 D R 6/2/05  PLANTER 2995 2996 26.3 24.3 30.8 22.0 445855.88 4645851.47 
109 4/16/05 D R 6/9/05  PLANTER 3387  0.0 0.0 28.8 12.8 436359.09 4647855.09 
110 4/16/05 D R 6/9/05  PLANTER 3388  0.0 0.0 36.4 12.7 436338.58 4647923.01 
111 4/16/05 D R 6/9/05  PLANTER 3389  0.0 0.0 19.0 16.4 436364.98 4647972.74 
112 4/16/05 D R 6/9/05  PLANTER 3390  0.0 0.0 28.7 11.4 436413.46 4648020.42 
113 4/16/05 D R 6/9/05  PLANTER 3391  0.0 0.0 29.8 21.1 436454.33 4648035.42 
114 4/16/05 D R 6/5/05  PLANTER 3117 3118 0.0 0.0 22.0 12.8 437227.94 4653033.60 
115 4/16/05 D R 6/5/05  PLANTER 3121 3122 0.0 0.0 36.8 27.6 437159.52 4653036.06 
116 4/16/05 D R 6/5/05  PLANTER 3125 3126 0.0 0.0 29.5 28.8 437093.83 4653034.97 
117 4/16/05 D R 6/5/05  PLANTER 3123 3124 0.0 0.0 22.8 19.7 437092.65 4652994.45 
118 4/16/05 D R 6/5/05  PLANTER 3119 3120 0.0 0.0 29.5 19.0 437207.20 4652998.06 
119 4/16/05 D R 6/9/05  PLANTER 3321  32.0 19.6 0.0 23.9 440372.21 4641057.55 
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120 4/16/05 D R 6/9/05  PLANTER 3322  18.4 14.6 0.0 22.1 440308.76 4641088.61 
121 4/16/05 D R 6/9/05  PLANTER 3323  31.5 28.1 0.0 24.1 440264.58 4641012.93 
122 4/16/05 D R     35.5 0.0 0.0 0.0 442033.61 4646517.52 
123 4/16/05 D R     34.8 26.1 0.0 0.0 442076.36 4646476.64 
124 4/16/05 D R     0.0 0.0 0.0 0.0 442051.90 4646583.23 
125 4/17/05 D R 6/7/05  PLANTER 3267  30.5 23.5 0.0 11.9 448649.53 4665330.56 
126 4/17/05 D R 6/7/05  PLANTER 3266  44.5 54.0 0.0 17.4 448592.34 4665345.96 
127 4/17/05 D R 6/7/05  PLANTER 3265  50.4 41.2 0.0 6.4 448576.85 4665280.75 
128 4/17/05 D R 6/7/05  PLANTER 3263  0.0 0.0 0.0 11.2 448464.55 4665275.09 
129 4/17/05 D R 6/7/05  PLANTER 3264  0.0 0.0 0.0 26.4 448530.54 4665277.20 
130 4/17/05 D R 5/26/05 PLANTER 2891 2892 20.8 18.0 0.0 8.4 451300.23 4672018.46 
131 4/17/05 D R 5/26/05 PLANTER 2893 2894 27.0 31.9 0.0 21.5 451365.75 4672021.16 
132 4/17/05 D R 5/26/05 PLANTER 2895 2896 35.8 46.8 0.0 16.8 451403.26 4672013.12 
133  D R     19.3 27.5 0.0 0.0 443266.51 4645845.41 
134  D R     22.1 0.0 0.0 0.0 443269.01 4645778.40 
135  D R     0.0 0.0 0.0 0.0 443279.28 4645698.19 
136 4/16/05 D R 6/2/05  PLANTER 2925 2926 26.7 24.3 0.0 14.9 445263.48 4643053.49 
137 4/16/05 D R 6/2/05  PLANTER 2927 2928 28.7 17.2 0.0 9.4 445155.68 4643050.43 
138 4/16/05 D R 6/2/05  PLANTER 2929 2930 37.0 31.0 0.0 15.3 445139.40 4642981.53 
139 4/17/05 F C 6/7/05  PLANTER 3308  19.2 25.1 0.0 12.0 450438.10 4668513.07 
140 4/17/05 F C 6/7/05  PLANTER 3306  27.8 25.0 0.0 11.7 450480.01 4668520.18 
141 4/17/05 F C 6/7/05  PLANTER 3305  29.1 19.6 0.0 14.6 450479.97 4668456.89 
142 4/17/05 F C 6/7/05  PLANTER 3304  0.0 0.0 0.0 9.3 450428.51 4668441.70 
143 4/17/05 F C 6/7/05  PLANTER 3307  0.0 0.0 0.0 14.1 450433.68 4668568.99 
144 4/17/05 F C 6/9/05 PLANTER 3351  0.0 0.0 0.0 19.6 450432.97 4669956.79 
145 4/17/05 F C 6/9/05 PLANTER 3352  0.0 0.0 0.0 10.5 450460.98 4669927.17 
146 4/17/05 F C 6/9/05 PLANTER 3353  21.6 0.0 0.0 16.6 450443.68 4669893.61 
147 4/17/05 F C 6/9/05 PLANTER 3354  0.0 0.0 0.0 6.5 450479.32 4669857.80 
148 4/17/05 F C 6/9/05 PLANTER 3355  0.0 0.0 0.0 17.8 450530.79 4669892.11 
149 4/16/05 F C 6/6/05  PLANTER 3195 3196 0.0 0.0 19.4 3.0 430826.15 4658260.35 
150 4/16/05 F C 6/6/05  PLANTER 3193 3194 0.0 0.0 18.1 10.5 430769.08 4658261.84 
151 4/16/05 F C 6/6/05  PLANTER 3191 3192 0.0 0.0 8.1 9.1 430707.17 4658261.89 
152 4/16/05 F C 6/6/05  PLANTER 3187 3188 0.0 0.0 0.0 2.4 430579.79 4658250.74 
153 4/16/05 F C 6/6/05  PLANTER 3189 3190 0.0 0.0 0.0 4.0 430649.71 4658251.72 
154  F C 6/6/05 PLANTER 3207  0.0 0.0 0.0 1.1 431497.63 4660591.44 
155  F C 6/6/05 PLANTER 3208  0.0 0.0 0.0 1.3 431498.66 4660555.34 
156  F C 6/6/05 PLANTER 3209  0.0 0.0 0.0 4.3 431459.19 4660536.85 
157  F C 6/6/05 PLANTER 3210  0.0 0.0 0.0 2.1 431381.65 4660571.47 
158  F C 6/6/05 PLANTER 3211  0.0 0.0 0.0 1.8 431386.08 4660630.65 
159 4/16/05 F C 6/6/05  PLANTER 3169 3170 0.0 0.0 18.1 4.7 431195.34 4657856.08 
160 4/16/05 F C 6/6/05  PLANTER 3171 3172 0.0 0.0 19.4 6.4 431150.86 4657862.62 
161 4/16/05 F C 6/6/05  PLANTER 3175 3176 0.0 0.0 27.1 3.4 431052.53 4657860.98 
162 4/16/05 F C 6/6/05  PLANTER 3167 3168 0.0 0.0 0.0 4.5 431246.35 4657855.58 
163 4/16/05 F C 6/6/05  PLANTER 3173 3174 0.0 0.0 0.0 1.2 431098.46 4657862.76 
164 4/17/05 F C 5/26/05 PLANTER 2897 2898 40.5 32.9 0.0 13.8 451420.06 4671956.19 
165 4/17/05 F C 5/26/05 PLANTER 2899 2900 39.3 35.6 0.0 19.7 451419.60 4671888.28 
166 4/17/05 F C 5/26/05 PLANTER 2901 2902 34.3 31.9 0.0 25.4 451381.61 4671887.98 
167  F C 6/2/05  PLANTER 2931 2932 0.0 0.0 0.0 2.6 443643.83 4644572.16 
168  F C 6/2/05  PLANTER 2937 2938 0.0 0.0 0.0 2.5 443558.43 4644655.37 
169  F C 6/2/05  PLANTER 2939 2940 0.0 0.0 0.0 2.7 443556.30 4644561.93 
170  F C 6/2/05  PLANTER 2933 2934 0.0 0.0 0.0 10.4 443651.45 4644661.30 
171  F C 6/2/05  PLANTER 2935 2936 0.0 0.0 0.0 2.9 443616.06 4644728.94 
172  F C 6/20/05 PLANTER 3409  20.1 30.0 0.0 20.9 442249.88 4647586.33 
173  F C 6/20/05 PLANTER 3411  32.8 37.7 0.0 18.1 442258.22 4647490.77 
174  F C 6/20/05 PLANTER 3412  30.0 35.8 0.0 18.8 442237.94 4647442.64 
175  F C 6/20/05 PLANTER 3408  0.0 0.0 0.0 19.2 442186.71 4647522.70 
176  F C 6/20/05 PLANTER 3410  0.0 0.0 0.0 25.9 442258.21 4647542.56 
177 4/17/05 MB PLOW 5/26/05 PLANTER 2879 2880 14.3 15.8 11.1 11.2 450887.23 4672525.26 
178 4/17/05 MB PLOW 5/26/05 PLANTER 2881 2882 26.1 20.3 8.8 19.0 450946.69 4672567.78 
179 4/17/05 MB PLOW 5/26/05 PLANTER 2883 2884 16.9 14.0 10.0 15.0 450996.69 4672496.55 
180 4/16/05 MB PLOW 6/6/05  PLANTER 3181 3182 0.0 0.0 2.3 4.3 430701.35 4658155.79 
181 4/16/05 MB PLOW 6/6/05  PLANTER 3179 3180 0.0 0.0 1.9 1.5 430757.24 4658164.61 
182 4/16/05 MB PLOW 6/6/05  PLANTER 3177 3178 0.0 0.0 1.2 3.0 430820.54 4658165.84 
183 4/16/05 MB PLOW 6/6/05  PLANTER 3183 3184 0.0 0.0 0.0 3.4 430655.49 4658165.79 
184 4/16/05 MB PLOW 6/6/05  PLANTER 3185 3186 0.0 0.0 0.0 3.0 430633.48 4658159.64 
185 4/16/05 MB PLOW 6/6/05  PLANTER 3202  0.0 0.0 1.1 2.2 431384.82 4660684.70 
186 4/16/05 MB PLOW 6/6/05  PLANTER 3203  0.0 0.0 3.1 1.1 431377.87 4660721.78 
187 4/16/05 MB PLOW 6/6/05  PLANTER 3206  0.0 0.0 2.9 0.8 431491.09 4660698.84 
188 4/16/05 MB PLOW 6/6/05 PLANTER 3204  0.0 0.0 0.0 0.8 431401.15 4660762.46 
189 4/16/05 MB PLOW 6/6/05 PLANTER 3205  0.0 0.0 0.0 0.8 431492.54 4660735.10 
190 4/16/05 MB PLOW 6/6/05  PLANTER 3157 3158 0.0 0.0 2.8 2.1 431086.41 4657758.12 
191 4/16/05 MB PLOW 6/6/05  PLANTER 3159 3160 0.0 0.0 2.8 2.1 431138.37 4657755.58 
192 4/16/05 MB PLOW 6/6/05  PLANTER 3161 3162 0.0 0.0 3.3 1.5 431190.25 4657757.85 
193 4/16/05 MB PLOW 6/6/05  PLANTER 3163 3164 0.0 0.0 0.0 0.8 431234.64 4657757.24 
194 4/16/05 MB PLOW 6/6/05  PLANTER 3165 3166 0.0 0.0 0.0 4.9 431277.03 4657762.75 
195  MB PLOW 6/9/05  PLANTER 3332  0.0 0.0 4.6 4.8 455600.63 4651709.53 
196  MB PLOW 6/9/05  PLANTER 3333  0.0 0.0 3.6 11.4 455665.86 4651708.37 
197  MB PLOW 6/9/05  PLANTER 3334  0.0 0.0 5.3 2.8 455566.36 4651744.90 
198  MB PLOW 6/9/05  PLANTER 3331  0.0 0.0 0.0 3.5 455533.40 4651703.87 
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199  MB PLOW 6/9/05  PLANTER 3335  0.0 0.0 0.0 5.0 455614.07 4651743.84 
200  NONE 6/5/05  PLANTER 3077 3078 82.1 79.3 70.1 13.7 446215.96 4647619.94 
201  NONE 6/5/05  PLANTER 3079 3080 82.9 78.3 100.0 9.8 446184.23 4647532.83 
202  NONE 6/5/05  PLANTER 3085 3086 85.2 81.5 63.2 16.7 446137.53 4647620.35 
203  NONE 6/5/05  PLANTER 3081 3082 0.0 0.0 0.0 13.8 446117.14 4647536.11 
204  NONE 6/5/05  PLANTER 3083 3084 0.0 0.0 0.0 4.4 446058.09 4647578.76 
205 4/17/05 NONE 6/3/05  PLANTER 3007 3008 80.2 78.9 86.1 17.9 446039.44 4646142.28 
206 4/17/05 NONE 6/3/05  PLANTER 3009 3010 82.7 82.4 70.1 15.2 446027.96 4646230.46 
207 4/17/05 NONE 6/3/05  PLANTER 3011 3012 90.8 70.1 72.7 19.0 446046.87 4646301.93 
208 4/17/05 NONE 6/3/05  PLANTER 3013 3014 0.0 0.0 0.0 14.8 445976.92 4646311.35 
209 4/17/05 NONE 6/3/05  PLANTER 3025 3026 0.0 0.0 0.0 17.3 446107.32 4646277.97 
210 4/16/05 NONE     64.1 69.1 0.0 0.0 438715.98 4642692.95 
211 4/16/05 NONE     72.0 67.3 0.0 0.0 438755.77 4642643.19 
212 4/16/05 NONE     68.1 65.2 0.0 0.0 438808.21 4642700.30 
213 4/16/05 NONE 6/5/05  PLANTER 3111 3112 0.0 0.0 0.0 22.8 440368.71 4641496.54 
214 4/16/05 NONE 6/5/05  PLANTER 3113 3114 0.0 0.0 0.0 14.9 440316.63 4641482.91 
215  NONE 5/26/05 PLANTER 2873 2874 88.7 84.0 0.0 61.3 451018.45 4668480.33 
216  NONE 5/26/05 PLANTER 2875 2876 0.0 0.0 0.0 62.7 451088.59 4668488.91 
217  NONE 5/26/05 PLANTER 2877 2878 86.7 97.3 0.0 59.3 451141.27 4668481.88 
218 4/17/05 NONE 6/3/05  PLANTER 2997 2998 0.0 0.0 78.7 37.8 445312.43 4646718.20 
219 4/17/05 NONE 6/3/05  PLANTER 2999 3000 0.0 0.0 55.4 17.9 445232.92 4646776.74 
220 4/17/05 NONE 6/3/05  PLANTER 3003 3004 0.0 0.0 83.5 26.5 445227.86 4646622.62 
221 4/17/05 NONE 6/3/05  PLANTER 3001 3002 0.0 0.0 0.0 11.7 445193.57 4646723.93 
222 4/17/05 NONE 6/3/05  PLANTER 3005 3006 0.0 0.0 0.0 21.2 445323.57 4646622.62 
223 4/16/05 NONE 6/9/05  PLANTER 3397  0.0 0.0 50.0 20.1 436594.25 4647761.75 
224 4/16/05 NONE 6/9/05  PLANTER 3398  0.0 0.0 66.4 21.1 436591.98 4647709.03 
225 4/16/05 NONE 6/9/05  PLANTER 3399  0.0 0.0 44.0 23.8 436579.55 4647662.13 
226 4/16/05 NONE 6/9/05  PLANTER 3400  0.0 0.0 37.7 19.0 436548.47 4647676.84 
227 4/16/05 NONE 6/9/05  PLANTER 3401  0.0 0.0 63.2 31.3 436532.09 4647729.18 
228  NONE 6/9/05  PLANTER 3336  0.0 0.0 62.7 14.1 455603.36 4651814.25 
229  NONE 6/9/05  PLANTER 3338  0.0 0.0 68.7 8.9 455500.67 4651832.48 
230  NONE 6/9/05  PLANTER 3339  0.0 0.0 59.5 9.6 455430.71 4651833.29 
231  NONE 6/9/05  PLANTER 3337  0.0 0.0 0.0 8.3 455569.53 4651854.62 
232  NONE 6/9/05  PLANTER 3340  0.0 0.0 0.0 16.4 455380.46 4651808.99 
233 4/16/05 NONE 6/9/05  PLANTER 3392  0.0 0.0 68.3 27.1 436548.08 4648049.75 
234 4/16/05 NONE 6/9/05  PLANTER 3393  0.0 0.0 63.5 44.1 436583.71 4648035.37 
235 4/16/05 NONE 6/9/05  PLANTER 3394  0.0 0.0 74.8 19.0 436593.90 4648001.60 
236 4/16/05 NONE 6/9/05  PLANTER 3395  0.0 0.0 61.0 35.1 436585.85 4647965.95 
237 4/16/05 NONE 6/9/05  PLANTER 3396  0.0 0.0 65.6 22.6 436565.65 4647914.87 
238 4/16/05 NONE 6/9/05  PLANTER 3366  0.0 0.0 58.3 47.3 437424.89 4657596.13 
239 4/16/05 NONE 6/9/05  PLANTER 3367  0.0 0.0 62.1 68.5 437459.21 4657609.89 
240 4/16/05 NONE 6/9/05  PLANTER 3368  0.0 0.0 59.2 52.9 437509.36 4657635.36 
241 4/16/05 NONE 6/9/05  PLANTER 3369  0.0 0.0 48.4 56.0 437553.27 4657626.83 
242 4/16/05 NONE 6/9/05  PLANTER 3370  0.0 0.0 91.0 48.6 437555.69 4657557.59 
243 4/16/05 NONE 6/9/05  PLANTER 3326  0.0 0.0 98.8 59.6 439431.06 4641409.16 
244 4/16/05 NONE 6/9/05  PLANTER 3328  0.0 0.0 89.5 43.4 439466.81 4641452.53 
245 4/16/05 NONE 6/9/05  PLANTER 3329  0.0 0.0 48.4 51.7 439384.47 4641439.35 
246 4/16/05 NONE 6/9/05  PLANTER 3327  0.0 0.0 0.0 56.6 439473.46 4641405.28 
247 4/16/05 NONE 6/9/05  PLANTER 3330  0.0 0.0 0.0 68.5 439371.32 4641404.30 
248 4/16/05 NONE 6/9/05  PLANTER 3377  0.0 0.0 63.7 40.4 437382.82 4653415.13 
249 4/16/05 NONE 6/9/05  PLANTER 3378  0.0 0.0 60.1 35.4 437427.77 4653395.85 
250 4/16/05 NONE 6/9/05  PLANTER 3379  0.0 0.0 48.9 20.7 437507.80 4653334.45 
251 4/16/05 NONE 6/9/05  PLANTER 3380  0.0 0.0 46.5 22.6 437536.88 4653393.41 
252 4/16/05 NONE 6/9/05  PLANTER 3381  0.0 0.0 62.2 39.1 437454.79 4653424.67 
253  NONE 6/7/05  PLANTER 3237  0.0 0.0 48.4 7.8 443058.73 4654708.93 
254  NONE 6/7/05  PLANTER 3238  0.0 0.0 40.6 11.0 443064.50 4654758.11 
255  NONE 6/7/05  PLANTER 3239  0.0 0.0 69.6 9.1 443068.24 4654811.01 
256  NONE 6/7/05  PLANTER 3240  0.0 0.0 54.4 6.2 443071.10 4654875.39 
257  NONE 6/7/05  PLANTER 3242  0.0 0.0 48.3 20.3 443051.95 4654912.93 
258 4/16/05 NONE 6/2/05  PLANTER 2979 2980 0.0 0.0 93.0 21.8 442831.29 4642978.62 
259 4/16/05 NONE 6/2/05  PLANTER 2971 2972 0.0 0.0 70.6 34.0 442782.94 4642980.49 
260 4/16/05 NONE 6/2/05  PLANTER 2973 2974 0.0 0.0 52.9 21.3 442792.79 4643019.46 
261 4/16/05 NONE 6/2/05  PLANTER 2975 2976 0.0 0.0 0.0 15.0 442834.04 4643063.17 
262 4/16/05 NONE 6/2/05  PLANTER 2977 2978 0.0 0.0 0.0 18.3 442866.01 4643017.39 
263  NONE 6/9/05  PLANTER 3342  0.0 0.0 17.3 15.7 454817.85 4657583.21 
264  NONE 6/9/05  PLANTER 3343  0.0 0.0 22.0 9.6 454675.92 4657575.42 
265  NONE 6/9/05  PLANTER 3344  0.0 0.0 16.6 19.6 454571.12 4657639.57 
266  NONE 6/9/05  PLANTER 3345  0.0 0.0 24.1 13.8 454718.17 4657671.20 
267  NONE 6/9/05  PLANTER 3341  0.0 0.0 21.1 10.5 454929.75 4657746.28 
268  NONE 6/6/05  PLANTER 3147 3148 0.0 0.0 65.9 11.1 442222.41 4650993.54 
269  NONE 6/6/05  PLANTER 3151 3152 0.0 0.0 69.6 21.5 442267.48 4651020.38 
270  NONE 6/6/05  PLANTER 3155 3156 0.0 0.0 58.3 23.4 442302.97 4650988.63 
271  NONE 6/6/05  PLANTER 3149 3150 0.0 0.0 0.0 6.6 442193.71 4651028.75 
272  NONE 6/6/05  PLANTER 3153 3154 0.0 0.0 0.0 10.0 442333.24 4651027.25 
273  NONE 6/5/05  PLANTER 3087 3088 0.0 0.0 0.0 55.0 443755.15 4646940.60 
274  NONE 6/5/05  PLANTER 3089 3090 0.0 0.0 0.0 39.2 443701.98 4646939.91 
275  NONE 6/5/05  PLANTER 3091 3092 0.0 0.0 0.0 52.1 443647.18 4646943.49 
276  NONE 6/5/05  PLANTER 3093 3094 0.0 0.0 0.0 66.0 443657.96 4646996.15 
277  NONE 6/5/05  PLANTER 3095 3096 0.0 0.0 0.0 47.4 443735.70 4646995.34 
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278 4/16/05 PLANTER     47.9 41.2 0.0 0.0 442040.30 4645188.54 
279 4/16/05 PLANTER     39.9 49.5 0.0 0.0 441996.42 4645227.58 
280 4/16/05 PLANTER     29.2 37.6 0.0 0.0 442037.25 4645272.21 
281 4/16/05 PLANTER 6/5/05  PLANTER 3061 3062 24.6 52.7 0.0 13.0 442352.42 4645249.48 
282 4/16/05 PLANTER 6/5/05  PLANTER 3063 3064 34.4 29.4 0.0 16.4 442277.40 4645230.84 
283 4/16/05 PLANTER 6/5/05  PLANTER 3065 3066 43.2 43.5 0.0 27.3 442218.95 4645227.99 
284 4/16/05 PLANTER 6/5/05  PLANTER 3057 3058 0.0 0.0 0.0 12.7 442456.05 4645253.08 
285 4/16/05 PLANTER 6/5/05  PLANTER 3059 3060 0.0 0.0 0.0 15.5 442419.82 4645248.19 
286 4/16/05 PLANTER 6/7/05  F C 3257  0.0 0.0 0.5 1.5 435861.36 4658651.14 
287 4/16/05 PLANTER 6/7/05  F C 3255  0.0 0.0 2.5 1.7 435950.98 4658651.44 
288 4/16/05 PLANTER 6/7/05  F C 3253  0.0 0.0 1.0 1.0 435875.40 4658694.69 
289 4/16/05 PLANTER 6/7/05  F C 3256  0.0 0.0 0.0 1.7 435908.99 4658597.22 
290 4/16/05 PLANTER 6/7/05  F C 3254  0.0 0.0 0.0 1.2 435939.36 4658692.81 
291 4/17/05 PLANTER 6/9/05  PLANTER 3350  76.3 56.0 0.0 12.3 450011.65 4669375.89 
292 4/17/05 PLANTER 6/9/05  PLANTER 3349  67.1 58.9 0.0 16.9 450096.21 4669362.15 
293 4/17/05 PLANTER 6/9/05  PLANTER 3348  80.3 77.3 0.0 6.6 450220.32 4669354.42 
294 4/17/05 PLANTER 6/9/05  PLANTER 3346  0.0 0.0 0.0 4.4 450328.94 4669432.68 
295 4/17/05 PLANTER 6/9/05  PLANTER 3347  0.0 0.0 0.0 13.5 450273.80 4669422.70 
296 4/17/05 PLANTER 6/3/05  PLANTER 3027 3028 40.6 29.6 0.0 14.7 445999.35 4645974.56 
297 4/17/05 PLANTER 6/3/05  PLANTER 3029 3030 35.3 44.2 0.0 12.6 446059.73 4645977.61 
298 4/17/05 PLANTER 6/3/05  PLANTER 3031 3032 48.3 49.8 0.0 8.2 446111.80 4646012.93 
299 4/17/05 PLANTER 6/3/05  PLANTER 3033 3034 0.0 0.0 0.0 25.2 446057.11 4646031.67 
300 4/17/05 PLANTER 6/3/05  PLANTER 3035 3036 0.0 0.0 0.0 13.7 446002.28 4646032.46 
301 4/16/05 PLANTER 6/2/05  PLANTER 2962 2963 26.5 44.4 0.0 9.3 442224.36 4644195.30 
302 4/16/05 PLANTER 6/2/05  PLANTER 2964 2965 32.7 26.3 0.0 6.0 442226.02 4644143.84 
303 4/16/05 PLANTER 6/2/05  PLANTER 2969 2970 43.3 42.9 0.0 6.9 442200.58 4644074.28 
304 4/16/05 PLANTER 6/2/05  PLANTER 2961 2962 0.0 0.0 0.0 10.8 442226.88 4644233.22 
305 4/16/05 PLANTER 6/2/05  PLANTER 2967 2968 0.0 0.0 0.0 9.4 442254.59 4644072.18 
306 4/17/05 RIPPER 5/26/05 PLANTER 2885 2886 89.7 91.7 0.0 7.5 450865.80 4672273.91 
307 4/17/05 RIPPER 5/26/05 PLANTER 2887 2888 83.1 87.7 0.0 3.5 450812.77 4672266.51 
308 4/17/05 RIPPER 5/26/05 PLANTER 2889 2890 91.1 86.7 0.0 5.6 450755.54 4672268.20 
309  RIPPER 6/7/05  PLANTER 3274  6.3 9.6 0.0 9.7 450573.90 4666869.86 
310  RIPPER 6/7/05  PLANTER 3275  22.2 23.9 0.0 13.8 450522.25 4666868.00 
311  RIPPER 6/7/05  PLANTER 3278  15.8 18.6 0.0 25.5 450434.38 4666850.12 
312  RIPPER 6/7/05  PLANTER 3273  0.0 0.0 0.0 14.8 450554.44 4666824.66 
313  RIPPER 6/7/05  PLANTER 3276  0.0 0.0 0.0 21.0 450468.71 4666873.19 
314  RIPPER 6/7/05  PLANTER 3291  39.5 36.3 0.0 11.6 450443.39 4667776.66 
315  RIPPER 6/7/05  PLANTER 3292  46.0 39.0 0.0 17.0 450466.35 4667830.54 
316  RIPPER 6/7/05  PLANTER 3290  41.1 40.4 0.0 17.2 450540.81 4667787.64 
317  RIPPER 6/7/05  PLANTER 3288  0.0 0.0 0.0 22.6 450608.82 4667785.68 
318  RIPPER 6/7/05  PLANTER 3289  0.0 0.0 0.0 19.6 450607.95 4667818.63 
319  RIPPER 6/7/05 PLANTER 3272  31.1 27.0 0.0 29.5 450481.36 4666734.93 
320  RIPPER 6/7/05  PLANTER 3270  20.6 22.9 0.0 9.7 450529.89 4666691.60 
321  RIPPER 6/7/05  PLANTER 3271  22.3 22.1 0.0 12.8 450550.58 4666706.25 
322  RIPPER 6/7/05  PLANTER 3268  0.0 0.0 0.0 15.6 450420.46 4666728.26 
323  RIPPER 6/7/05  PLANTER 3269  0.0 0.0 0.0 7.7 450419.35 4666687.00 
324 4/16/05 RIPPER 6/2/05  PLANTER 2989 2990 32.4 28.1 0.0 26.2 442187.23 4642805.99 
325 4/16/05 RIPPER 6/2/05  PLANTER 2987 2988 41.9 44.3 0.0 31.5 442195.16 4642762.25 
326 4/16/05 RIPPER 6/2/05  PLANTER 2981 2982 34.4 38.4 0.0 22.3 442229.51 4642857.09 
327 4/16/05 RIPPER 6/2/05  PLANTER 2983 2984 0.0 0.0 0.0 20.5 442289.64 4642808.68 
328 4/16/05 RIPPER 6/2/05  PLANTER 2985 2986 0.0 0.0 0.0 27.9 442274.37 4642749.21 
329 4/16/05 RIPPER 6/6/05  PLANTER 3197  0.0 0.0 31.0 26.6 430841.28 4658496.17 
330 4/16/05 RIPPER 6/6/05 PLANTER 3201  0.0 0.0 23.8 14.2 430832.92 4658571.58 
331 4/16/05 RIPPER 6/6/05  PLANTER 3198  0.0 0.0 0.0 36.8 430777.37 4658460.89 
332 4/16/05 RIPPER 6/6/05  PLANTER 3200  0.0 0.0 0.0 18.0 430781.05 4658569.12 
333 4/16/05 RIPPER 6/9/05  PLANTER 3382  0.0 0.0 46.0 19.4 439862.90 4647667.79 
334 4/16/05 RIPPER 6/9/05  PLANTER 3383  0.0 0.0 34.0 20.3 439832.93 4647634.54 
335 4/16/05 RIPPER 6/9/05  PLANTER 3384  0.0 0.0 18.1 16.8 439872.98 4647619.40 
336 4/16/05 RIPPER 6/9/05  PLANTER 3385  0.0 0.0 23.4 14.7 439916.47 4647633.84 
337 4/16/05 RIPPER 6/9/05  PLANTER 3386  0.0 0.0 31.0 19.1 439945.27 4647660.24 
338 4/16/05 RIPPER 6/4/05  PLANTER 3037 3038 0.0 0.0 32.4 28.4 441591.02 4647798.62 
339 4/16/05 RIPPER 6/4/05  PLANTER 3039 3040 0.0 0.0 34.1 21.0 441588.03 4647837.88 
340 4/16/05 RIPPER 6/4/05  PLANTER 3041 3042 0.0 0.0 33.9 20.3 441623.76 4647851.10 
341 4/16/05 RIPPER 6/4/05  PLANTER 3043 3044 0.0 0.0 35.3 30.3 441665.32 4647850.20 
342 4/16/05 RIPPER 6/4/05  PLANTER 3045 3046 0.0 0.0 39.8 21.7 441673.85 4647813.67 
343  RIPPER 6/2/05  PLANTER 2923 2924 0.0 0.0 14.9 9.9 444582.48 4646035.99 
344  RIPPER 6/2/05  PLANTER 2921 2922 0.0 0.0 11.9 7.0 444579.65 4645974.76 
345  RIPPER 6/2/05  PLANTER 2919 2920 0.0 0.0 15.4 6.8 444629.52 4645975.48 
346  RIPPER 6/2/05  PLANTER 2917 2918 0.0 0.0 19.3 12.0 444676.36 4645977.15 
347  RIPPER 6/2/05  PLANTER 2915 2916 0.0 0.0 13.9 8.5 444678.03 4646032.29 
348  RIPPER 6/9/05  PLANTER 3372  0.0 0.0 58.2 39.3 437422.56 4654991.90 
349  RIPPER 6/9/05  PLANTER 3373  0.0 0.0 39.3 19.9 437461.01 4654957.33 
350  RIPPER 6/9/05  PLANTER 3374  0.0 0.0 30.4 17.8 437487.94 4654914.15 
351  RIPPER 6/9/05  PLANTER 3376  0.0 0.0 32.7 28.8 437399.78 4654927.52 
352  RIPPER 6/9/05  PLANTER 3375  0.0 0.0 36.0 29.7 437442.05 4654885.08 
353  RIPPER 6/7/05  PLANTER 3287  60.3 69.5 0.0 32.3 450619.45 4667494.69 
354  RIPPER 6/7/05  PLANTER 3286  64.8 48.3 0.0 21.5 450546.66 4667502.05 
355  RIPPER 6/7/05  PLANTER 3283  67.4 67.8 0.0 48.1 450465.62 4667511.50 
356  RIPPER 6/7/05  PLANTER 3284  0.0 0.0 0.0 35.3 450467.02 4667475.77 
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357  RIPPER 6/7/05  PLANTER 3285  0.0 0.0 0.0 39.3 450518.97 4667461.53 
358  RIPPER 6/7/05  PLANTER 3300  15.2 17.1 0.0 8.0 450436.75 4668144.25 
359  RIPPER 6/7/05  PLANTER 3302  15.6 15.9 0.0 3.0 450492.59 4668136.64 
360  RIPPER 6/7/05  PLANTER 3303  17.6 21.1 0.0 4.0 450499.65 4668082.18 
361  RIPPER 6/7/05  PLANTER 3299  0.0 0.0 0.0 3.7 450432.52 4668071.73 
362  RIPPER 6/7/05  PLANTER 3301  0.0 0.0 0.0 2.7 450467.42 4668178.64 
363 4/16/05 R H 6/2/05  PLANTER 2953 2954 81.3 75.2 0.0 19.8 441856.66 4644168.88 
364 4/16/05 R H 6/2/05  PLANTER 2957 2958 73.8 73.2 0.0 27.0 441992.75 4644170.36 
365 4/16/05 R H 6/2/05  PLANTER 2959 2960 65.5 70.6 0.0 13.4 442035.04 4644172.05 
366 4/16/05 R H 6/2/05  PLANTER 2951 2952 0.0 0.0 0.0 34.4 441706.76 4644168.63 
367 4/16/05 R H 6/2/05  PLANTER 2955 2956 0.0 0.0 0.0 32.2 441924.75 4644166.84 
368  R H 6/2/05  PLANTER 2941 2942 31.5 27.6 0.0 6.2 442016.39 4644052.84 
369  R H 6/2/05  PLANTER 2943 2944 28.4 26.8 0.0 5.8 441950.41 4644043.57 
370  R H 6/2/05  PLANTER 2945 2946 30.6 23.7 0.0 9.0 441884.08 4644041.89 
371  R H 6/2/05  PLANTER 2947 2948 0.0 0.0 0.0 10.8 441816.94 4644025.41 
372  R H 6/2/05  PLANTER 2949 2950 0.0 0.0 0.0 3.1 441726.16 4644057.25 
373  R H 6/5/05  PLANTER 3127 3128 0.0 0.0 0.0 15.3 437087.05 4653110.72 
374  R H 6/5/05  PLANTER 3129 3130 0.0 0.0 0.0 19.2 437085.27 4653157.93 
375  R H 6/5/05  PLANTER 3131 3132 0.0 0.0 0.0 7.2 437133.58 4653159.91 
376  R H 6/5/05  PLANTER 3131 3132 0.0 0.0 0.0 13.5 437202.15 4653159.67 
377  R H 6/5/05  PLANTER 3135 3136 0.0 0.0 0.0 7.4 437242.32 4653130.26 
378   6/9/05  PLANTER 3402  0.0 0.0 0.0 4.0 436488.71 4647711.06 
379   6/9/05  PLANTER 3403  0.0 0.0 0.0 32.8 436469.91 4647709.01 
380   6/9/05  PLANTER 3407  0.0 0.0 0.0 9.9 436468.48 4647749.37 
381   6/9/05  PLANTER 3404  0.0 0.0 0.0 11.6 436444.03 4647729.81 
382   6/9/05  PLANTER 3405  0.0 0.0 0.0 3.2 436434.25 4647771.72 
B.2 2005-6 Ground Truth Data 
Ground truth data was also collected at a number of sites in 2005 and 2006.  Unlike 2004-5, 
an attempt was not made to navigate back to the same location each time a field was 
examined; however, observations were made within the general vicinity as previous 
observations.  Not all sites were sampled at all times.  Column descriptors are defined as 
follows: 
TILL_DATE : date of tillage inspection at the point 
TILL_TYPE : observed tillage operation at TILL_DATE 
RES_TYPE : the predominant residue cover found at the point 
RES_DIR : predominant residue and tillage direction found at the point 
PHOTO : number of photos taken during tillage inspection; there are left and right versions 
for stereo viewing 
COMP_RC : Computed residue cover for PHOTO 
Point_X : WGS 1984 UTM Zone 15N X coordinate of point 
Point_Y : WGS 1984 UTM Zone 15N Y coordinate of point 
 
TILL_DATE_ TILL_TYPE_ RES_TYPE RES_DIR PHOTO COMP_RC Point_X Point_Y 
11/23/05 4:54:53 PM A A SOYBEANS E-W 1 31.40 445847.63 4646019.57 
11/23/05 4:58:20 PM A A SOYBEANS E-W 2 25.70 445845.27 4645999.60 
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11/23/05 4:59:26 PM A A SOYBEANS E-W 3 29.30 445845.61 4645972.21 
11/23/05 5:02:03 PM A A SOYBEANS E-W 4 35.90 445847.07 4645945.55 
11/23/05 5:03:39 PM A A SOYBEANS E-W 5 34.00 445846.88 4645921.49 
11/26/05 9:05:24 PM A A SOYBEANS E-W 167 41.20 442395.91 4690517.45 
11/26/05 9:06:30 PM A A SOYBEANS E-W 168 44.10 442362.42 4690516.24 
11/26/05 9:07:11 PM A A SOYBEANS E-W 169 36.80 442344.76 4690489.37 
11/26/05 9:08:05 PM A A SOYBEANS E-W 170 49.70 442340.75 4690452.20 
11/26/05 9:09:03 PM A A SOYBEANS E-W 171 43.90 442385.89 4690450.53 
4/14/06 6:35:24 PM A A SOYBEANS E-W 235 9.00 449211.95 4646422.56 
4/14/06 6:40:28 PM A A SOYBEANS E-W 236 11.50 449164.99 4646421.97 
4/14/06 6:44:47 PM A A SOYBEANS E-W 237 8.00 449116.67 4646423.80 
4/14/06 6:48:58 PM A A SOYBEANS E-W 238 6.30 449062.14 4646427.15 
4/14/06 6:52:52 PM A A SOYBEANS E-W 239 3.40 449003.65 4646417.95 
4/14/06 6:56:40 PM A A SOYBEANS E-W 240 13.00 448954.12 4646404.79 
4/14/06 7:03:11 PM A A SOYBEANS E-W 241 18.20 448895.05 4646391.34 
4/14/06 9:56:29 PM A A SOYBEANS N-S 249 29.90 453125.70 4647737.48 
4/14/06 10:01:03 PM A A SOYBEANS N-S 250 20.10 453116.90 4647785.84 
4/14/06 10:04:32 PM A A SOYBEANS N-S 251 28.00 453104.12 4647835.89 
4/14/06 10:08:32 PM A A SOYBEANS N-S 252 23.70 453054.55 4647836.03 
4/14/06 10:12:00 PM A A SOYBEANS N-S 253 24.80 453012.72 4647837.98 
4/14/06 10:16:06 PM A A SOYBEANS N-S 254 19.80 453030.80 4647795.11 
4/14/06 10:19:39 PM A A SOYBEANS N-S 255 25.40 453056.08 4647753.86 
11/26/05 6:05:59 PM C P CORN E-W 102 38.70 440106.99 4688637.05 
11/26/05 6:07:13 PM C P CORN E-W 103 50.40 440134.60 4688638.29 
11/26/05 6:08:12 PM C P CORN E-W 104 51.10 440169.97 4688633.36 
11/26/05 6:09:23 PM C P CORN E-W 105 40.00 440148.83 4688600.97 
11/26/05 6:10:33 PM C P CORN E-W 106 39.10 440108.09 4688604.84 
11/26/05 6:14:42 PM C P CORN N-S 107 32.40 440086.18 4689044.76 
11/26/05 6:16:08 PM C P CORN N-S 108 25.90 440122.77 4689054.07 
11/26/05 6:17:10 PM C P CORN N-S 109 24.50 440121.65 4689083.32 
11/26/05 6:17:58 PM C P CORN N-S 110 42.40 440123.90 4689105.88 
11/26/05 6:18:55 PM C P CORN N-S 111 40.30 440089.01 4689103.40 
11/26/05 6:29:49 PM C P CORN N-S 112 30.00 440395.79 4690001.73 
11/26/05 6:31:09 PM C P CORN N-S 113 38.40 440391.15 4689956.43 
11/26/05 6:32:14 PM C P CORN N-S 114 39.80 440396.18 4689919.00 
11/26/05 6:33:10 PM C P CORN N-S 115 27.60 440385.94 4689877.07 
11/26/05 6:34:21 PM C P CORN N-S 116 42.30 440384.65 4689838.03 
11/26/05 8:05:07 PM C P CORN E-W 127 34.00 440892.35 4689151.36 
11/26/05 8:06:09 PM C P CORN E-W 128 38.30 440898.45 4689174.07 
11/26/05 8:06:57 PM C P CORN E-W 129 42.90 440899.48 4689198.68 
11/26/05 8:07:40 PM C P CORN E-W 130 34.20 440900.94 4689225.13 
11/26/05 8:08:58 PM C P CORN E-W 131 34.40 440912.68 4689266.12 
11/23/05 8:26:01 PM DISK SOYBEANS E-W 31 54.40 453546.36 4656295.85 
11/23/05 8:27:49 PM DISK SOYBEANS E-W 32 31.20 453543.34 4656277.36 
11/23/05 8:29:02 PM DISK SOYBEANS E-W 33 19.00 453524.85 4656276.01 
11/23/05 8:30:20 PM DISK SOYBEANS E-W 34 29.50 453510.36 4656273.51 
11/23/05 8:31:53 PM DISK SOYBEANS E-W 35 27.70 453505.41 4656297.05 
11/23/05 8:35:56 PM DISK CORN E-W 36 27.90 453460.63 4656471.85 
11/23/05 8:37:29 PM DISK CORN E-W 37 26.90 453455.76 4656506.67 
11/23/05 8:38:35 PM DISK CORN E-W 38 29.50 453485.16 4656511.11 
11/23/05 8:40:49 PM DISK CORN E-W 39 30.20 453511.11 4656514.27 
11/23/05 8:42:15 PM DISK CORN E-W 40 30.50 453514.86 4656496.48 
11/23/05 8:58:42 PM DISK CORN N-S 47 30.80 454478.08 4657107.94 
11/23/05 9:02:26 PM DISK CORN N-S 48 42.70 454484.46 4657092.54 
11/23/05 9:04:46 PM DISK CORN N-S 49 40.10 454480.59 4657069.25 
11/23/05 9:06:14 PM DISK CORN N-S 50 39.70 454471.78 4657051.54 
11/25/05 9:03:21 PM DISK CORN E-W 61 24.10 456024.92 4653722.34 
11/25/05 9:04:38 PM DISK CORN E-W 62 32.70 455990.14 4653719.78 
11/25/05 9:05:35 PM DISK CORN E-W 63 34.80 455950.92 4653712.99 
11/25/05 9:06:40 PM DISK CORN E-W 64 28.20 455912.84 4653713.22 
11/25/05 9:08:28 PM DISK CORN E-W 65 29.30 455876.94 4653708.08 
4/18/06 9:12:52 PM DISK SOYBEANS N-S 293 25.50 451985.75 4657779.90 
4/18/06 9:22:29 PM DISK SOYBEANS N-S 294 17.90 451974.76 4657644.51 
4/18/06 9:23:31 PM DISK SOYBEANS N-S 295 17.50 452007.28 4657661.68 
4/18/06 9:24:47 PM DISK SOYBEANS N-S 296 34.40 452063.59 4657689.80 
4/18/06 9:28:08 PM DISK SOYBEANS N-S 297 21.10 452075.42 4657745.79 
4/18/06 9:29:06 PM DISK SOYBEANS N-S 298 30.40 452067.25 4657802.29 
4/18/06 9:30:29 PM DISK SOYBEANS N-S 299 30.10 452026.43 4657800.53 
4/18/06 9:37:10 PM DISK SOYBEANS E-W 300 30.60 451941.51 4656970.56 
4/18/06 9:38:14 PM DISK SOYBEANS E-W 301 26.90 451988.60 4656960.99 
4/18/06 9:39:44 PM DISK SOYBEANS E-W 302 23.80 452040.19 4656942.87 
4/18/06 9:41:00 PM DISK SOYBEANS E-W 303 36.60 452037.00 4657000.82 
4/18/06 9:42:34 PM DISK SOYBEANS E-W 304 29.30 452033.43 4657044.15 
4/18/06 9:43:46 PM DISK SOYBEANS E-W 305 21.40 451989.78 4657033.15 
4/18/06 9:44:47 PM DISK SOYBEANS E-W 306 20.60 451942.41 4657021.82 
4/18/06 10:19:53 PM DISK SOYBEANS N-S 307 17.40 465154.74 4649213.38 
4/18/06 10:20:49 PM DISK SOYBEANS N-S 308 26.30 465170.57 4649259.57 
4/18/06 10:22:07 PM DISK SOYBEANS N-S 309 22.50 465192.06 4649306.47 
4/18/06 10:23:16 PM DISK SOYBEANS N-S 310 23.10 465140.97 4649305.24 
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4/18/06 10:24:15 PM DISK SOYBEANS N-S 311 21.80 465094.45 4649305.28 
4/18/06 10:25:21 PM DISK SOYBEANS N-S 312 14.20 465106.22 4649255.63 
4/18/06 10:26:18 PM DISK SOYBEANS N-S 313 27.50 465116.11 4649217.64 
4/18/06 10:32:04 PM DISK SOYBEANS N-S 314 23.60 464806.75 4649110.57 
4/18/06 10:33:10 PM DISK SOYBEANS N-S 315 31.80 464821.97 4649061.83 
4/18/06 10:34:25 PM DISK SOYBEANS N-S 316 28.20 464840.20 4649008.81 
4/18/06 10:35:37 PM DISK SOYBEANS N-S 317 16.20 464891.39 4649002.82 
4/18/06 10:36:56 PM DISK SOYBEANS N-S 318 16.00 464941.78 4649004.42 
4/18/06 10:38:07 PM DISK SOYBEANS N-S 319 21.90 464925.75 4649056.69 
4/18/06 10:39:10 PM DISK SOYBEANS N-S 320 11.90 464911.78 4649106.35 
4/21/06 7:45:22 PM DISK CORN E-W 338 31.50 455038.57 4647553.00 
4/21/06 7:48:38 PM DISK CORN N-S 339 26.70 455055.95 4647505.70 
4/21/06 7:51:36 PM DISK CORN N-S 340 29.10 455071.37 4647454.90 
4/21/06 7:54:47 PM DISK CORN N-S 341 14.60 455108.51 4647454.11 
4/21/06 7:57:43 PM DISK CORN N-S 342 21.10 455142.22 4647456.86 
4/21/06 8:01:21 PM DISK CORN N-S 343 27.40 455117.78 4647501.43 
4/21/06 8:04:34 PM DISK CORN N-S 344 41.80 455094.30 4647544.14 
4/21/06 8:10:22 PM DISK CORN N-S 345 17.80 455029.56 4647699.44 
4/21/06 8:26:02 PM DISK CORN N-S 346 11.20 454960.22 4647804.62 
4/21/06 8:29:25 PM DISK CORN N-S 347 17.70 454911.41 4647816.03 
4/21/06 8:32:21 PM DISK CORN N-S 348 16.20 454932.35 4647765.01 
4/21/06 8:35:03 PM DISK CORN N-S 349 17.40 454949.29 4647714.94 
11/23/05 5:10:29 PM D R CORN E-W 6 35.20 445996.32 4646048.23 
11/23/05 5:12:39 PM D R CORN E-W 7 36.20 445999.43 4646020.26 
11/23/05 5:14:45 PM D R CORN E-W 8 22.60 446017.65 4646001.81 
11/23/05 5:16:30 PM D R CORN E-W 9 21.40 446034.93 4646022.03 
11/23/05 5:18:23 PM D R CORN E-W 10 38.80 446024.47 4646044.50 
11/23/05 6:33:39 PM D R CORN N-S 21 26.30 448595.45 4646919.25 
11/23/05 6:35:30 PM D R CORN N-S 22 15.20 448599.00 4646932.74 
11/23/05 6:36:47 PM D R CORN N-S 23 44.50 448598.46 4646953.65 
11/23/05 6:39:41 PM D R CORN N-S 24 36.30 448605.76 4646970.62 
11/23/05 6:42:01 PM D R CORN N-S 25 32.20 448611.16 4646991.68 
4/12/06 8:35:50 PM F C CORN N-S 186 5.70 452934.25 4647580.71 
4/12/06 8:37:36 PM F C CORN N-S 187 7.60 452923.27 4647528.41 
4/12/06 8:38:58 PM F C CORN N-S 188 2.80 452917.80 4647474.97 
4/12/06 8:40:11 PM F C CORN N-S 189 2.50 452901.33 4647427.33 
4/12/06 8:41:46 PM F C CORN N-S 190 6.50 452919.86 4647389.27 
4/12/06 8:42:52 PM F C CORN N-S 191 11.50 452922.08 4647349.47 
4/12/06 8:44:36 PM F C CORN N-S 192 9.20 452926.51 4647288.37 
4/12/06 9:36:24 PM F C CORN E-W 200 2.80 453866.52 4646382.83 
4/12/06 9:38:14 PM F C CORN E-W 201 7.00 453816.32 4646372.42 
4/12/06 9:40:57 PM F C CORN E-W 202 2.90 453776.17 4646377.68 
4/12/06 9:42:15 PM F C CORN E-W 203 3.40 453753.87 4646347.11 
4/12/06 9:43:29 PM F C CORN E-W 204 2.70 453759.78 4646299.69 
4/12/06 9:44:36 PM F C CORN E-W 205 2.90 453806.47 4646301.24 
4/12/06 9:45:41 PM F C CORN E-W 206 2.50 453861.25 4646314.95 
4/13/06 8:39:11 PM F C CORN E-W 228 8.70 452330.00 4647724.83 
4/13/06 8:40:53 PM F C CORN E-W 229 9.30 452304.33 4647767.38 
4/13/06 8:42:15 PM F C CORN E-W 230 9.10 452277.10 4647803.65 
4/13/06 8:43:18 PM F C CORN E-W 231 2.30 452234.69 4647801.90 
4/13/06 8:44:23 PM F C CORN E-W 232 5.10 452187.57 4647796.85 
4/13/06 8:45:35 PM F C CORN E-W 233 12.30 452219.17 4647751.67 
4/13/06 8:46:36 PM F C CORN E-W 234 4.20 452253.42 4647712.39 
4/21/06 7:11:39 PM F C CORN E-W 330 2.10 449069.37 4646222.42 
4/21/06 7:14:20 PM F C CORN E-W 331 5.80 449113.09 4646233.58 
4/21/06 7:16:57 PM F C CORN E-W 332 9.70 449160.28 4646246.20 
4/21/06 7:19:24 PM F C CORN E-W 333 8.60 449205.02 4646264.57 
4/21/06 7:21:53 PM F C CORN E-W 334 10.20 449250.33 4646285.53 
4/21/06 7:24:10 PM F C CORN E-W 335 6.70 449289.80 4646301.16 
4/21/06 7:26:28 PM F C CORN E-W 336 3.60 449339.86 4646309.69 
4/21/06 7:28:57 PM F C CORN E-W 337 7.70 449389.65 4646320.06 
5/16/06 6:56:03 PM F C CORN N-S 353 38.70 440094.76 4689021.00 
5/16/06 6:58:56 PM F C CORN N-S 354 49.00 440141.61 4689040.96 
5/16/06 7:00:28 PM F C CORN N-S 355 39.40 440181.16 4689075.60 
5/16/06 7:02:11 PM F C CORN N-S 356 37.50 440205.54 4689116.84 
5/16/06 7:03:20 PM F C CORN N-S 357 40.70 440199.76 4689163.72 
5/16/06 7:04:14 PM F C CORN N-S 358 36.00 440163.27 4689150.15 
5/16/06 7:05:02 PM F C CORN N-S 359 46.40 440126.96 4689126.40 
5/16/06 7:15:30 PM F C SOYBEANS E-W 360 29.40 440875.07 4689445.59 
5/16/06 7:16:56 PM F C SOYBEANS E-W 361 24.90 440924.02 4689422.41 
5/16/06 7:21:32 PM F C SOYBEANS E-W 362 20.40 440952.70 4689405.33 
5/16/06 7:22:34 PM F C SOYBEANS E-W 363 41.30 440960.16 4689444.13 
5/16/06 7:23:34 PM F C SOYBEANS E-W 364 13.10 440997.62 4689458.25 
5/16/06 7:24:47 PM F C SOYBEANS E-W 365 15.50 441008.86 4689407.63 
5/16/06 7:25:54 PM F C SOYBEANS E-W 366 25.40 440981.07 4689383.62 
11/23/05 10:01:45 PM MOD PLOW CORN E-W 56 4.50 450430.60 4667778.60 
11/23/05 10:03:38 PM MOD PLOW CORN E-W 57 10.70 450463.23 4667778.56 
11/23/05 10:05:21 PM MOD PLOW CORN E-W 58 6.30 450482.56 4667785.83 
11/23/05 10:06:34 PM MOD PLOW CORN E-W 59 4.40 450470.07 4667811.08 
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11/23/05 10:08:31 PM MOD PLOW CORN E-W 60 14.70 450438.10 4667807.42 
11/25/05 9:12:37 PM MOD PLOW CORN E-W 66 23.10 455757.67 4653807.28 
11/25/05 9:21:18 PM MOD PLOW CORN E-W 67 12.90 455752.21 4653839.14 
11/25/05 9:22:33 PM MOD PLOW CORN E-W 68 19.20 455761.45 4653860.73 
11/25/05 9:23:18 PM MOD PLOW CORN E-W 69 8.20 455774.70 4653883.60 
11/25/05 9:24:08 PM MOD PLOW CORN E-W 70 28.50 455779.83 4653909.29 
11/25/05 9:42:16 PM MB PLOW CORN N-S 82 5.00 455664.87 4652182.50 
11/25/05 9:43:15 PM MB PLOW CORN N-S 83 4.10 455664.63 4652210.63 
11/25/05 9:44:05 PM MB PLOW CORN N-S 84 5.30 455662.23 4652245.81 
11/25/05 9:44:56 PM MB PLOW CORN N-S 85 27.00 455663.13 4652279.30 
11/25/05 9:45:44 PM MB PLOW CORN N-S 86 15.10 455662.92 4652313.35 
4/12/06 8:18:40 PM MB PLOW CORN N-S 179 9.60 452417.02 4647008.45 
4/12/06 8:20:35 PM MB PLOW CORN N-S 180 5.90 452465.74 4646984.07 
4/12/06 8:21:51 PM MB PLOW CORN N-S 181 4.10 452512.42 4646984.31 
4/12/06 8:22:59 PM MB PLOW CORN N-S 182 8.20 452510.84 4647036.51 
4/12/06 8:24:19 PM MB PLOW CORN N-S 183 5.40 452502.73 4647083.93 
4/12/06 8:25:18 PM MB PLOW CORN N-S 184 10.20 452450.79 4647080.77 
4/12/06 8:26:20 PM MB PLOW CORN N-S 185 3.90 452412.00 4647062.71 
4/13/06 8:13:52 PM MB PLOW CORN E-W 221 5.10 449372.33 4646330.74 
4/13/06 8:15:57 PM MB PLOW CORN E-W 222 0.50 449326.09 4646316.08 
4/13/06 8:17:22 PM MB PLOW CORN E-W 223 5.30 449281.47 4646294.74 
4/13/06 8:18:24 PM MB PLOW CORN E-W 224 4.70 449278.79 4646248.68 
4/13/06 8:19:29 PM MB PLOW CORN E-W 225 6.60 449276.71 4646208.54 
4/13/06 8:20:37 PM MB PLOW CORN E-W 226 5.90 449321.62 4646230.98 
4/13/06 8:21:57 PM MB PLOW CORN E-W 227 3.10 449362.24 4646253.08 
11/23/05 6:14:32 PM NONE SOYBEANS E-W 16 55.60 447810.28 4646907.03 
11/23/05 6:16:12 PM NONE SOYBEANS E-W 17 71.40 447807.59 4646935.74 
11/23/05 6:17:41 PM NONE SOYBEANS E-W 18 46.90 447793.57 4646962.86 
11/23/05 6:19:07 PM NONE SOYBEANS E-W 19 72.20 447781.17 4646948.33 
11/23/05 6:21:32 PM NONE SOYBEANS E-W 20 45.70 447780.03 4646925.20 
11/23/05 6:45:57 PM NONE SOYBEANS E-W 26 70.40 448693.51 4646997.38 
11/23/05 6:47:51 PM NONE SOYBEANS E-W 27 72.50 448697.69 4646983.28 
11/23/05 6:48:58 PM NONE SOYBEANS E-W 28 62.70 448706.70 4646968.60 
11/23/05 6:50:12 PM NONE SOYBEANS E-W 29 49.90 448700.91 4646951.24 
11/23/05 6:51:26 PM NONE SOYBEANS E-W 30 69.90 448693.05 4646934.09 
11/23/05 8:56:55 PM NONE CORN N-S 46 43.40 454464.93 4657122.64 
11/25/05 9:25:32 PM NONE SOYBEANS E-W 71 66.90 455865.44 4653899.50 
11/25/05 9:26:29 PM NONE SOYBEANS E-W 72 38.30 455888.12 4653886.59 
11/25/05 9:27:10 PM NONE SOYBEANS E-W 73 55.00 455922.35 4653867.50 
11/25/05 9:28:06 PM NONE SOYBEANS E-W 74 43.80 455946.79 4653848.29 
11/25/05 9:28:40 PM NONE SOYBEANS E-W 75 59.40 455971.79 4653830.37 
11/25/05 9:37:25 PM NONE SOYBEANS N-S 77 55.90 455758.33 4652322.37 
11/25/05 9:38:24 PM NONE SOYBEANS N-S 78 43.90 455752.51 4652296.69 
11/25/05 9:39:17 PM NONE SOYBEANS N-S 79 68.50 455751.64 4652267.64 
11/25/05 9:40:03 PM NONE SOYBEANS N-S 80 50.10 455748.99 4652241.38 
11/25/05 9:40:47 PM NONE SOYBEANS N-S 81 61.90 455743.28 4652210.88 
11/26/05 6:35:55 PM NONE SOYBEANS N-S 117 65.90 440469.26 4689812.14 
11/26/05 6:36:48 PM NONE SOYBEANS N-S 118 71.30 440481.53 4689835.36 
11/26/05 6:37:45 PM NONE SOYBEANS N-S 119 72.30 440496.03 4689862.07 
11/26/05 6:38:31 PM NONE SOYBEANS N-S 120 51.70 440510.68 4689889.71 
11/26/05 6:39:18 PM NONE SOYBEANS N-S 121 75.40 440526.96 4689915.67 
11/26/05 7:59:47 PM NONE SOYBEANS E-W 122 57.40 440795.88 4689285.06 
11/26/05 8:00:40 PM NONE SOYBEANS E-W 123 59.90 440787.76 4689250.15 
11/26/05 8:01:29 PM NONE SOYBEANS E-W 124 60.90 440778.06 4689223.40 
11/26/05 8:02:11 PM NONE SOYBEANS E-W 125 67.60 440776.31 4689195.09 
11/26/05 8:03:10 PM NONE SOYBEANS E-W 126 64.70 440777.15 4689164.18 
11/26/05 8:11:44 PM NONE SOYBEANS E-W 132 66.60 440946.94 4689389.83 
11/26/05 8:12:40 PM NONE SOYBEANS E-W 133 75.80 440966.81 4689418.91 
11/26/05 8:13:26 PM NONE SOYBEANS E-W 134 63.20 440949.94 4689436.26 
11/26/05 8:14:06 PM NONE SOYBEANS E-W 135 71.60 440925.41 4689441.46 
11/26/05 8:14:53 PM NONE SOYBEANS E-W 136 49.90 440903.25 4689417.59 
11/26/05 8:25:51 PM NONE SOYBEANS E-W 142 67.40 440870.45 4690296.79 
11/26/05 8:26:34 PM NONE SOYBEANS E-W 143 62.20 440897.98 4690289.52 
11/26/05 8:27:18 PM NONE SOYBEANS E-W 144 63.20 440916.19 4690268.45 
11/26/05 8:28:01 PM NONE SOYBEANS E-W 145 67.10 440933.71 4690246.47 
11/26/05 8:28:39 PM NONE SOYBEANS E-W 146 57.50 440949.08 4690229.31 
11/26/05 8:42:01 PM NONE SOYBEANS N-S 152 61.90 441450.21 4690017.45 
11/26/05 8:43:22 PM NONE SOYBEANS N-S 153 50.10 441435.72 4689975.93 
11/26/05 8:44:11 PM NONE SOYBEANS N-S 154 56.60 441429.73 4689948.77 
11/26/05 8:44:59 PM NONE SOYBEANS N-S 155 60.90 441424.35 4689912.73 
11/26/05 8:45:54 PM NONE SOYBEANS N-S 156 60.90 441423.05 4689872.58 
4/12/06 8:46:07 PM NONE SOYBEANS N-S 193 35.00 453001.63 4647288.62 
4/12/06 8:47:11 PM NONE SOYBEANS N-S 194 22.80 453017.51 4647329.59 
4/12/06 8:48:31 PM NONE SOYBEANS N-S 195 25.50 453027.89 4647375.42 
4/12/06 8:49:40 PM NONE SOYBEANS N-S 196 21.30 453037.17 4647421.62 
4/12/06 8:50:44 PM NONE SOYBEANS N-S 197 28.30 453029.76 4647469.97 
4/12/06 8:52:06 PM NONE SOYBEANS N-S 198 18.80 453019.67 4647510.38 
4/12/06 8:53:01 PM NONE SOYBEANS N-S 199 27.20 453003.95 4647555.64 
4/17/06 6:55:09 PM NONE CORN N-S 258 73.60 450701.87 4648356.27 
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4/17/06 6:59:34 PM NONE CORN N-S 259 80.00 450709.80 4648305.32 
4/17/06 7:03:19 PM NONE CORN N-S 260 61.60 450718.56 4648254.37 
4/17/06 7:07:08 PM NONE CORN N-S 261 65.90 450768.66 4648251.80 
4/17/06 7:10:38 PM NONE CORN N-S 262 79.60 450821.53 4648249.59 
4/17/06 7:14:18 PM NONE CORN N-S 263 84.80 450799.88 4648293.04 
4/17/06 7:17:46 PM NONE CORN N-S 264 78.40 450775.89 4648338.73 
4/17/06 7:31:43 PM NONE CORN N-S 265 53.80 450684.77 4646927.93 
4/17/06 7:35:10 PM NONE CORN N-S 266 58.80 450669.64 4646976.89 
4/17/06 7:38:49 PM NONE CORN N-S 267 63.00 450656.43 4647023.62 
4/17/06 7:42:48 PM NONE CORN N-S 268 73.10 450609.01 4647035.24 
4/17/06 7:46:27 PM NONE CORN N-S 269 68.50 450561.13 4647041.12 
4/17/06 7:50:07 PM NONE CORN N-S 270 76.40 450580.74 4647000.83 
4/17/06 7:53:36 PM NONE CORN N-S 271 67.80 450608.73 4646955.85 
4/17/06 8:07:23 PM NONE CORN N-S 272 63.90 452409.78 4647823.12 
4/17/06 8:10:53 PM NONE CORN N-S 273 73.40 452417.72 4647875.25 
4/17/06 8:14:10 PM NONE CORN N-S 274 55.60 452426.63 4647926.82 
4/17/06 8:17:52 PM NONE CORN N-S 275 71.50 452431.18 4647987.12 
4/17/06 8:21:06 PM NONE CORN N-S 276 52.80 452435.39 4648038.35 
4/17/06 8:25:09 PM NONE CORN N-S 277 63.30 452436.12 4648085.54 
4/17/06 8:29:58 PM NONE SOYBEANS N-S 278 39.60 452538.23 4648097.81 
4/17/06 8:33:23 PM NONE SOYBEANS N-S 279 26.30 452553.10 4648050.15 
4/17/06 8:36:21 PM NONE SOYBEANS N-S 280 34.00 452566.78 4648009.16 
4/17/06 8:39:37 PM NONE SOYBEANS N-S 281 28.50 452577.25 4647965.05 
4/17/06 8:43:00 PM NONE SOYBEANS N-S 282 32.30 452565.22 4647920.53 
4/17/06 8:46:31 PM NONE SOYBEANS N-S 283 35.90 452558.99 4647878.01 
4/17/06 8:49:31 PM NONE SOYBEANS N-S 284 31.10 452552.19 4647830.49 
4/17/06 8:53:58 PM NONE CORN N-S 285 55.50 452448.52 4647813.79 
4/19/06 3:19:03 PM NONE CORN N-S 323 65.70 453853.12 4650414.37 
4/19/06 3:20:11 PM NONE CORN N-S 324 74.20 453849.14 4650460.85 
4/19/06 3:21:06 PM NONE CORN N-S 325 75.90 453847.48 4650501.94 
4/19/06 3:23:14 PM NONE CORN N-S 326 81.30 453894.77 4650516.44 
4/19/06 3:24:19 PM NONE CORN N-S 327 60.30 453937.51 4650508.39 
4/19/06 3:25:15 PM NONE CORN N-S 328 80.60 453939.96 4650460.44 
4/19/06 3:26:08 PM NONE CORN N-S 329 93.90 453901.21 4650444.22 
5/16/06 7:27:26 PM PLANTER CORN E-W 367 31.30 440978.69 4689313.13 
5/16/06 7:29:28 PM PLANTER CORN E-W 368 23.60 440957.97 4689281.29 
5/16/06 7:30:22 PM PLANTER CORN E-W 369 22.50 440954.80 4689247.63 
5/16/06 7:31:39 PM PLANTER CORN E-W 370 19.70 440946.29 4689214.94 
5/16/06 7:32:29 PM PLANTER CORN E-W 371 36.10 440932.27 4689180.82 
5/16/06 7:33:43 PM PLANTER CORN E-W 372 37.30 440918.53 4689146.14 
5/16/06 7:34:58 PM PLANTER CORN E-W 373 15.00 440902.50 4689117.04 
5/16/06 7:37:13 PM PLANTER SOYBEANS E-W 374 16.80 440792.67 4689116.67 
5/16/06 7:38:20 PM PLANTER SOYBEANS E-W 375 13.40 440785.45 4689155.23 
5/16/06 7:39:25 PM PLANTER SOYBEANS E-W 376 13.30 440780.82 4689192.09 
5/16/06 7:40:20 PM PLANTER SOYBEANS E-W 377 12.10 440766.85 4689228.86 
5/16/06 7:41:11 PM PLANTER SOYBEANS E-W 378 18.90 440749.03 4689264.17 
5/16/06 7:42:29 PM PLANTER SOYBEANS E-W 379 17.20 440737.92 4689297.95 
5/16/06 7:43:47 PM PLANTER SOYBEANS E-W 380 31.30 440772.53 4689315.98 
5/16/06 8:32:38 PM PLANTER SOYBEANS N-S 381 8.90 440485.31 4689923.98 
5/16/06 8:46:45 PM PLANTER SOYBEANS N-S 382 20.80 440501.31 4689885.72 
5/16/06 8:48:11 PM PLANTER SOYBEANS N-S 383 30.30 440491.30 4689838.42 
5/16/06 8:49:03 PM PLANTER SOYBEANS N-S 384 21.10 440498.97 4689803.19 
5/16/06 8:49:48 PM PLANTER SOYBEANS N-S 385 26.70 440497.03 4689769.16 
5/16/06 8:50:33 PM PLANTER SOYBEANS N-S 386 22.10 440487.53 4689733.70 
5/16/06 8:51:29 PM PLANTER SOYBEANS N-S 387 13.00 440473.39 4689701.43 
5/16/06 8:52:53 PM PLANTER CORN N-S 388 11.50 440405.94 4689678.13 
5/16/06 8:54:24 PM PLANTER CORN N-S 389 14.30 440378.79 4689714.08 
5/16/06 8:55:28 PM PLANTER CORN N-S 390 26.10 440377.59 4689750.55 
5/16/06 8:56:38 PM PLANTER CORN N-S 391 13.10 440369.95 4689788.37 
5/16/06 8:57:33 PM PLANTER CORN N-S 392 17.00 440372.05 4689825.56 
5/16/06 8:58:33 PM PLANTER CORN N-S 393 12.30 440382.45 4689870.07 
5/16/06 8:59:25 PM PLANTER CORN N-S 394 26.60 440388.26 4689907.59 
5/16/06 9:08:08 PM PLANTER SOYBEANS E-W 395 14.00 440787.83 4690199.95 
5/16/06 9:09:13 PM PLANTER SOYBEANS E-W 396 9.00 440768.15 4690225.84 
5/16/06 9:10:09 PM PLANTER SOYBEANS E-W 397 24.80 440750.85 4690258.38 
5/16/06 9:11:29 PM PLANTER SOYBEANS E-W 398 15.60 440733.68 4690288.69 
5/16/06 9:12:34 PM PLANTER SOYBEANS E-W 399 16.10 440759.31 4690299.72 
5/16/06 9:13:38 PM PLANTER SOYBEANS E-W 400 22.80 440789.81 4690319.64 
5/16/06 9:14:24 PM PLANTER SOYBEANS E-W 401 18.60 440808.34 4690336.92 
5/16/06 9:16:00 PM PLANTER SOYBEANS E-W 402 24.60 440883.66 4690366.26 
5/16/06 9:16:51 PM PLANTER SOYBEANS E-W 403 23.80 440904.85 4690338.88 
5/16/06 9:17:45 PM PLANTER SOYBEANS E-W 404 20.30 440923.82 4690310.96 
5/16/06 9:18:34 PM PLANTER SOYBEANS E-W 405 24.60 440943.48 4690282.10 
5/16/06 9:19:36 PM PLANTER SOYBEANS E-W 406 25.00 440933.26 4690258.50 
5/16/06 9:20:26 PM PLANTER SOYBEANS E-W 407 16.00 440930.11 4690226.69 
5/16/06 9:21:28 PM PLANTER SOYBEANS E-W 408 18.90 440896.73 4690206.99 
5/16/06 9:26:09 PM PLANTER SOYBEANS N-S 409 11.20 441445.33 4690024.89 
5/16/06 9:27:00 PM PLANTER SOYBEANS N-S 410 19.20 441412.24 4690007.03 
5/16/06 9:27:48 PM PLANTER SOYBEANS N-S 411 29.20 441381.07 4689989.71 
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5/16/06 9:28:31 PM PLANTER SOYBEANS N-S 412 29.20 441372.42 4689955.91 
5/16/06 9:29:16 PM PLANTER SOYBEANS N-S 413 23.80 441364.87 4689924.14 
5/16/06 9:30:19 PM PLANTER SOYBEANS N-S 414 37.60 441397.80 4689939.05 
5/16/06 9:31:03 PM PLANTER SOYBEANS N-S 415 22.00 441426.93 4689958.05 
5/17/06 7:13:59 PM PLANTER SOYBEANS E-W 416 8.50 451942.97 4656983.14 
5/17/06 7:15:16 PM PLANTER SOYBEANS E-W 417 2.90 451975.00 4656968.67 
5/17/06 7:16:48 PM PLANTER SOYBEANS E-W 418 9.30 452001.51 4656953.31 
5/17/06 7:18:56 PM PLANTER SOYBEANS E-W 419 7.70 452010.88 4656991.93 
5/17/06 7:19:50 PM PLANTER SOYBEANS E-W 420 5.20 452009.59 4657026.36 
5/17/06 7:20:45 PM PLANTER SOYBEANS E-W 421 16.00 451979.18 4657015.27 
5/17/06 7:21:36 PM PLANTER SOYBEANS E-W 422 11.50 451945.36 4657010.51 
5/17/06 7:48:49 PM PLANTER SOYBEANS N-S 423 9.20 451951.91 4657750.89 
5/17/06 7:49:54 PM PLANTER SOYBEANS N-S 424 7.50 451980.89 4657733.67 
5/17/06 7:50:49 PM PLANTER SOYBEANS N-S 425 9.60 452014.81 4657714.19 
5/17/06 7:52:03 PM PLANTER SOYBEANS N-S 426 8.50 452012.54 4657765.10 
5/17/06 7:53:40 PM PLANTER SOYBEANS N-S 427 9.50 452011.90 4657813.96 
5/17/06 7:54:36 PM PLANTER SOYBEANS N-S 428 13.80 451980.10 4657801.40 
5/17/06 7:55:28 PM PLANTER SOYBEANS N-S 429 13.70 451949.11 4657805.13 
5/17/06 8:10:45 PM PLANTER CORN E-W 430 32.60 454471.99 4657062.09 
5/17/06 8:11:45 PM PLANTER CORN E-W 431 30.00 454487.63 4657092.15 
5/17/06 8:12:47 PM PLANTER CORN E-W 432 27.50 454507.40 4657121.26 
5/17/06 8:13:42 PM PLANTER CORN E-W 433 22.80 454541.40 4657133.07 
5/17/06 8:14:35 PM PLANTER CORN E-W 434 22.20 454574.41 4657141.93 
5/17/06 8:15:25 PM PLANTER CORN E-W 435 28.70 454565.49 4657106.64 
5/17/06 8:16:11 PM PLANTER CORN E-W 436 37.80 454552.19 4657074.89 
5/17/06 8:27:38 PM PLANTER SOYBEANS E-W 437 3.70 453450.09 4656356.81 
5/17/06 8:28:33 PM PLANTER SOYBEANS E-W 438 10.80 453413.15 4656360.76 
5/17/06 8:29:23 PM PLANTER SOYBEANS E-W 439 10.70 453376.50 4656365.25 
5/17/06 8:30:10 PM PLANTER SOYBEANS E-W 440 11.50 453344.24 4656366.76 
5/17/06 8:30:56 PM PLANTER SOYBEANS E-W 441 8.30 453309.51 4656371.43 
5/17/06 8:31:46 PM PLANTER SOYBEANS E-W 442 5.50 453279.20 4656375.15 
5/17/06 8:32:27 PM PLANTER SOYBEANS E-W 443 15.90 453246.13 4656379.99 
5/17/06 8:34:50 PM PLANTER CORN E-W 444 15.80 453283.46 4656477.09 
5/17/06 8:35:44 PM PLANTER CORN E-W 445 21.20 453248.01 4656476.77 
5/17/06 8:36:52 PM PLANTER CORN E-W 446 29.40 453319.46 4656479.07 
5/17/06 8:37:43 PM PLANTER CORN E-W 447 36.70 453361.61 4656470.28 
5/17/06 8:38:27 PM PLANTER CORN E-W 448 26.00 453394.39 4656464.51 
5/17/06 8:39:48 PM PLANTER CORN E-W 449 21.80 453438.52 4656464.41 
5/17/06 8:40:25 PM PLANTER CORN E-W 450 16.00 453464.23 4656452.40 
5/17/06 9:19:16 PM PLANTER CORN N-S 451 12.90 452390.84 4646995.49 
5/17/06 9:20:10 PM PLANTER CORN N-S 452 12.60 452419.89 4646983.82 
5/17/06 9:20:55 PM PLANTER CORN N-S 453 10.30 452447.33 4646977.34 
5/17/06 9:21:42 PM PLANTER CORN N-S 454 11.30 452441.20 4647009.95 
5/17/06 9:22:24 PM PLANTER CORN N-S 455 13.70 452436.32 4647044.41 
5/17/06 9:23:27 PM PLANTER CORN N-S 457 10.10 452395.87 4647025.43 
5/17/06 9:31:30 PM PLANTER SOYBEANS N-S 458 9.80 453127.15 4647727.30 
5/17/06 9:32:12 PM PLANTER SOYBEANS N-S 459 17.20 453116.45 4647759.20 
5/17/06 9:32:56 PM PLANTER SOYBEANS N-S 460 18.80 453103.39 4647788.52 
5/17/06 9:33:36 PM PLANTER SOYBEANS N-S 461 30.00 453070.45 4647797.99 
5/17/06 9:34:17 PM PLANTER SOYBEANS N-S 462 16.50 453038.62 4647807.08 
5/17/06 9:34:59 PM PLANTER SOYBEANS N-S 463 20.90 453052.63 4647775.35 
5/17/06 9:35:41 PM PLANTER SOYBEANS N-S 464 26.00 453066.37 4647744.72 
5/17/06 9:40:49 PM PLANTER SOYBEANS N-S 465 11.70 453117.97 4647591.71 
5/17/06 9:41:39 PM PLANTER SOYBEANS N-S 466 13.90 453110.84 4647558.45 
5/17/06 9:42:20 PM PLANTER SOYBEANS N-S 467 19.90 453102.49 4647526.30 
5/17/06 9:43:15 PM PLANTER SOYBEANS N-S 468 17.90 453070.65 4647515.04 
5/17/06 9:43:55 PM PLANTER SOYBEANS N-S 469 13.60 453040.65 4647508.95 
5/17/06 9:44:41 PM PLANTER SOYBEANS N-S 470 22.30 453044.04 4647542.05 
5/17/06 9:45:37 PM PLANTER SOYBEANS N-S 471 18.70 453072.48 4647561.29 
5/18/06 3:44:47 PM PLANTER CORN E-W 472 33.10 456077.95 4653708.87 
5/18/06 3:45:45 PM PLANTER CORN E-W 473 22.30 456065.45 4653672.67 
5/18/06 3:46:46 PM PLANTER CORN E-W 474 26.20 456052.85 4653642.77 
5/18/06 3:47:33 PM PLANTER CORN E-W 475 25.60 456021.58 4653628.53 
5/18/06 3:48:15 PM PLANTER CORN E-W 476 19.00 455989.34 4653613.19 
5/18/06 3:49:01 PM PLANTER CORN E-W 477 25.30 455998.68 4653650.33 
5/18/06 3:49:44 PM PLANTER CORN E-W 478 27.10 456011.30 4653684.11 
5/18/06 4:01:14 PM PLANTER SOYBEANS N-S 479 11.80 455768.05 4652332.49 
5/18/06 4:02:03 PM PLANTER SOYBEANS N-S 480 10.40 455762.92 4652305.69 
5/18/06 4:02:46 PM PLANTER SOYBEANS N-S 481 24.10 455758.55 4652269.45 
5/18/06 4:03:28 PM PLANTER SOYBEANS N-S 482 10.40 455757.25 4652237.07 
5/18/06 4:04:10 PM PLANTER SOYBEANS N-S 483 6.60 455752.34 4652203.23 
5/18/06 4:04:47 PM PLANTER SOYBEANS N-S 484 8.90 455752.55 4652170.29 
5/18/06 4:05:29 PM PLANTER SOYBEANS N-S 485 13.00 455748.77 4652139.60 
5/18/06 4:20:02 PM PLANTER CORN N-S 486 14.70 455013.29 4647594.80 
5/18/06 4:21:21 PM PLANTER CORN N-S 487 13.70 455016.92 4647557.21 
5/18/06 4:22:00 PM PLANTER CORN N-S 488 28.00 455022.09 4647523.68 
5/18/06 4:22:48 PM PLANTER CORN N-S 489 27.80 455054.72 4647508.86 
5/18/06 4:23:31 PM PLANTER CORN N-S 490 34.30 455085.62 4647503.30 
5/18/06 4:24:12 PM PLANTER CORN N-S 491 37.50 455071.88 4647535.95 
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5/18/06 4:24:57 PM PLANTER CORN N-S 492 19.00 455061.05 4647570.07 
5/18/06 4:27:15 PM PLANTER CORN N-S 493 21.20 455050.40 4647698.94 
5/18/06 4:27:56 PM PLANTER CORN N-S 494 11.70 455039.02 4647732.32 
5/18/06 4:28:37 PM PLANTER CORN N-S 495 19.10 455026.55 4647768.85 
5/18/06 4:29:19 PM PLANTER CORN N-S 496 17.30 454999.25 4647776.43 
5/18/06 4:29:59 PM PLANTER CORN N-S 497 13.50 454966.46 4647787.00 
5/18/06 4:30:37 PM PLANTER CORN N-S 498 20.50 454977.44 4647754.73 
5/18/06 4:31:29 PM PLANTER CORN N-S 499 20.60 454983.97 4647717.31 
5/18/06 8:35:34 PM PLANTER SOYBEANS N-S 500 6.80 465163.03 4649215.56 
5/18/06 8:36:35 PM PLANTER SOYBEANS N-S 501 10.50 465175.64 4649253.44 
5/18/06 8:37:31 PM PLANTER SOYBEANS N-S 502 26.00 465193.88 4649283.88 
5/18/06 8:38:19 PM PLANTER SOYBEANS N-S 503 7.50 465159.54 4649290.90 
5/18/06 8:39:07 PM PLANTER SOYBEANS N-S 504 9.80 465125.27 4649284.96 
5/18/06 8:39:52 PM PLANTER SOYBEANS N-S 505 11.90 465116.16 4649255.76 
5/18/06 8:40:33 PM PLANTER SOYBEANS N-S 506 10.00 465125.80 4649222.59 
5/18/06 8:45:27 PM PLANTER SOYBEANS N-S 507 13.20 464819.55 4649104.40 
5/18/06 8:46:37 PM PLANTER SOYBEANS N-S 508 9.10 464830.74 4649076.77 
5/18/06 8:47:14 PM PLANTER SOYBEANS N-S 509 9.40 464842.99 4649041.74 
5/18/06 8:47:58 PM PLANTER SOYBEANS N-S 510 9.50 464875.07 4649024.18 
5/18/06 8:49:19 PM PLANTER SOYBEANS N-S 511 11.50 464905.65 4649011.45 
5/18/06 8:50:07 PM PLANTER SOYBEANS N-S 512 8.20 464899.75 4649046.45 
5/18/06 8:51:21 PM PLANTER SOYBEANS N-S 513 10.20 464892.18 4649079.99 
5/18/06 9:18:21 PM PLANTER CORN E-W 514 0.50 453917.36 4646406.93 
5/18/06 9:19:26 PM PLANTER CORN E-W 515 4.60 453884.85 4646398.07 
5/18/06 9:20:17 PM PLANTER CORN E-W 516 11.10 453855.65 4646388.64 
5/18/06 9:20:56 PM PLANTER CORN E-W 517 4.70 453853.39 4646359.23 
5/18/06 9:21:36 PM PLANTER CORN E-W 518 6.70 453836.03 4646323.25 
5/18/06 9:22:28 PM PLANTER CORN E-W 519 8.10 453871.07 4646339.13 
5/18/06 9:23:17 PM PLANTER CORN E-W 520 9.50 453904.42 4646348.53 
5/18/06 9:32:36 PM PLANTER CORN N-S 521 4.60 452941.64 4647612.12 
5/18/06 9:33:46 PM PLANTER CORN N-S 522 10.00 452914.30 4647591.39 
5/18/06 9:34:28 PM PLANTER CORN N-S 523 7.30 452883.12 4647575.68 
5/18/06 9:35:11 PM PLANTER CORN N-S 524 14.80 452880.27 4647541.47 
5/18/06 9:35:50 PM PLANTER CORN N-S 525 8.90 452874.79 4647506.34 
5/18/06 9:36:34 PM PLANTER CORN N-S 526 8.80 452904.91 4647530.02 
5/18/06 9:37:16 PM PLANTER CORN N-S 527 7.70 452929.49 4647550.76 
5/18/06 9:49:23 PM PLANTER CORN E-W 528 9.20 450206.10 4645702.49 
5/18/06 9:50:20 PM PLANTER CORN E-W 529 18.10 450172.99 4645708.28 
5/18/06 9:51:05 PM PLANTER CORN E-W 530 6.40 450141.95 4645713.68 
5/18/06 9:52:15 PM PLANTER CORN E-W 531 8.40 450126.97 4645744.32 
5/18/06 9:53:00 PM PLANTER CORN E-W 532 10.50 450108.97 4645776.64 
5/18/06 9:53:46 PM PLANTER CORN E-W 533 16.80 450145.28 4645774.72 
5/18/06 9:54:30 PM PLANTER CORN E-W 534 14.40 450178.23 4645766.16 
5/18/06 10:04:08 PM PLANTER CORN E-W 535 13.30 449409.34 4646331.03 
5/18/06 10:04:55 PM PLANTER CORN E-W 536 12.60 449371.30 4646322.42 
5/18/06 10:05:48 PM PLANTER CORN E-W 537 11.40 449342.67 4646316.88 
5/18/06 10:06:37 PM PLANTER CORN E-W 538 17.20 449328.35 4646283.86 
5/18/06 10:07:17 PM PLANTER CORN E-W 539 12.60 449317.34 4646251.18 
5/18/06 10:07:57 PM PLANTER CORN E-W 540 14.40 449349.63 4646266.13 
5/18/06 10:08:37 PM PLANTER CORN E-W 541 13.20 449378.29 4646276.10 
5/19/06 12:31:49 AM PLANTER SOYBEANS E-W 549 9.10 449509.93 4645813.63 
5/19/06 12:32:32 AM PLANTER SOYBEANS E-W 550 9.30 449524.80 4645787.25 
5/19/06 12:33:13 AM PLANTER SOYBEANS E-W 551 11.80 449546.53 4645754.89 
5/19/06 12:33:54 AM PLANTER SOYBEANS E-W 552 9.50 449579.62 4645747.07 
5/19/06 12:34:40 AM PLANTER SOYBEANS E-W 553 10.30 449609.56 4645741.49 
5/19/06 12:35:22 AM PLANTER SOYBEANS E-W 554 9.80 449594.14 4645768.25 
5/19/06 12:36:06 AM PLANTER SOYBEANS E-W 555 3.60 449576.01 4645801.69 
5/19/06 12:42:10 AM PLANTER SOYBEANS E-W 556 9.40 449517.13 4645485.84 
5/19/06 12:43:02 AM PLANTER SOYBEANS E-W 557 12.00 449550.64 4645496.71 
5/19/06 12:43:43 AM PLANTER SOYBEANS E-W 558 12.50 449585.12 4645509.05 
5/19/06 12:44:23 AM PLANTER SOYBEANS E-W 559 8.60 449595.56 4645540.43 
5/19/06 12:45:06 AM PLANTER SOYBEANS E-W 560 13.40 449609.88 4645572.72 
5/19/06 12:45:45 AM PLANTER SOYBEANS E-W 561 7.60 449573.02 4645555.40 
5/19/06 12:46:23 AM PLANTER SOYBEANS E-W 562 10.00 449540.77 4645546.19 
5/19/06 3:49:50 PM PLANTER CORN N-S 563 32.80 450419.06 4669916.36 
5/19/06 3:50:48 PM PLANTER CORN N-S 564 40.90 450424.88 4669882.08 
5/19/06 3:52:02 PM PLANTER CORN N-S 565 37.30 450437.61 4669852.01 
5/19/06 3:52:47 PM PLANTER CORN N-S 566 33.90 450468.66 4669844.76 
5/19/06 3:53:27 PM PLANTER CORN N-S 567 39.40 450502.05 4669835.83 
5/19/06 3:54:07 PM PLANTER CORN N-S 568 38.80 450491.41 4669869.77 
5/19/06 3:54:48 PM PLANTER CORN N-S 569 42.40 450479.52 4669900.94 
5/19/06 4:02:42 PM PLANTER SOYBEANS N-S 570 21.90 450305.79 4667632.91 
5/19/06 4:03:42 PM PLANTER SOYBEANS N-S 571 22.40 450300.69 4667670.89 
5/19/06 4:04:26 PM PLANTER SOYBEANS N-S 572 28.10 450291.28 4667703.89 
5/19/06 4:05:10 PM PLANTER SOYBEANS N-S 573 17.00 450258.57 4667712.08 
5/19/06 4:05:56 PM PLANTER SOYBEANS N-S 574 25.70 450225.61 4667724.16 
5/19/06 4:07:06 PM PLANTER SOYBEANS N-S 575 24.90 450233.96 4667697.82 
5/19/06 4:07:49 PM PLANTER SOYBEANS N-S 576 18.10 450247.78 4667666.63 
5/19/06 4:10:29 PM PLANTER SOYBEANS N-S 577 23.40 450317.51 4667538.26 
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5/19/06 4:11:31 PM PLANTER SOYBEANS N-S 578 20.20 450309.55 4667502.60 
5/19/06 4:12:16 PM PLANTER SOYBEANS N-S 579 27.20 450299.54 4667468.99 
5/19/06 4:13:04 PM PLANTER SOYBEANS N-S 580 32.00 450264.73 4667454.06 
5/19/06 4:13:55 PM PLANTER SOYBEANS N-S 581 34.60 450232.15 4667440.97 
5/19/06 4:14:34 PM PLANTER SOYBEANS N-S 582 25.00 450240.40 4667479.22 
5/19/06 4:15:21 PM PLANTER SOYBEANS N-S 583 27.50 450251.38 4667513.01 
5/19/06 4:18:58 PM PLANTER SOYBEANS E-W 584 15.60 450412.51 4667555.36 
5/19/06 4:19:53 PM PLANTER SOYBEANS E-W 585 21.30 450428.80 4667523.04 
5/19/06 4:20:37 PM PLANTER SOYBEANS E-W 586 18.20 450439.46 4667491.32 
5/19/06 4:21:16 PM PLANTER SOYBEANS E-W 587 14.70 450470.51 4667482.04 
5/19/06 4:21:59 PM PLANTER SOYBEANS E-W 588 20.90 450505.58 4667475.68 
5/19/06 4:22:38 PM PLANTER SOYBEANS E-W 589 17.60 450495.61 4667506.84 
5/19/06 4:23:23 PM PLANTER SOYBEANS E-W 590 20.90 450485.12 4667542.08 
5/19/06 4:24:39 PM PLANTER CORN E-W 591 8.60 450494.72 4667615.48 
5/19/06 4:26:24 PM PLANTER CORN E-W 592 10.10 450508.42 4667645.74 
5/19/06 4:27:11 PM PLANTER CORN E-W 593 8.80 450519.39 4667678.23 
5/19/06 4:28:29 PM PLANTER CORN E-W 594 4.90 450487.38 4667668.65 
5/19/06 4:30:01 PM PLANTER CORN E-W 595 6.80 450452.78 4667662.97 
5/19/06 4:30:45 PM PLANTER CORN E-W 596 8.90 450428.71 4667647.22 
5/19/06 4:31:22 PM PLANTER CORN E-W 597 10.00 450418.82 4667611.76 
5/19/06 4:42:05 PM PLANTER CORN N-S 598 17.20 450424.50 4668438.58 
5/19/06 4:42:55 PM PLANTER CORN N-S 599 26.70 450457.48 4668450.01 
5/19/06 4:43:37 PM PLANTER CORN N-S 600 19.80 450488.70 4668463.67 
5/19/06 4:44:21 PM PLANTER CORN N-S 601 20.50 450500.63 4668496.16 
5/19/06 4:45:03 PM PLANTER CORN N-S 602 18.40 450510.21 4668527.55 
5/19/06 4:45:49 PM PLANTER CORN N-S 603 18.30 450481.04 4668511.10 
5/19/06 4:46:33 PM PLANTER CORN N-S 604 15.30 450447.75 4668494.87 
5/19/06 4:52:29 PM PLANTER SOYBEANS N-S 605 41.80 451061.74 4668429.51 
5/19/06 4:53:42 PM PLANTER SOYBEANS N-S 606 35.70 451054.66 4668460.64 
5/19/06 4:55:04 PM PLANTER SOYBEANS N-S 607 37.10 451041.53 4668492.57 
5/19/06 4:56:06 PM PLANTER SOYBEANS N-S 608 36.90 451009.08 4668499.27 
5/19/06 4:56:49 PM PLANTER SOYBEANS N-S 609 35.00 450974.18 4668508.21 
5/19/06 4:57:35 PM PLANTER SOYBEANS N-S 610 40.40 450986.64 4668478.88 
5/19/06 4:58:15 PM PLANTER SOYBEANS N-S 611 39.00 451000.18 4668446.77 
5/19/06 6:31:29 PM PLANTER SOYBEANS N-S 612 12.00 451690.17 4656931.52 
5/19/06 6:32:21 PM PLANTER SOYBEANS N-S 613 20.50 451701.12 4656899.06 
5/19/06 6:33:01 PM PLANTER SOYBEANS N-S 614 19.30 451714.97 4656867.50 
5/19/06 6:33:48 PM PLANTER SOYBEANS N-S 615 7.30 451747.07 4656863.03 
5/19/06 6:34:21 PM PLANTER SOYBEANS N-S 616 15.60 451774.30 4656852.11 
5/19/06 6:35:09 PM PLANTER SOYBEANS N-S 617 27.60 451760.88 4656884.95 
5/19/06 6:35:58 PM PLANTER SOYBEANS N-S 618 19.90 451746.45 4656913.18 
5/19/06 6:49:54 PM PLANTER SOYBEANS E-W 619 6.60 453668.14 4656253.97 
5/19/06 6:50:44 PM PLANTER SOYBEANS E-W 620 17.50 453700.60 4656261.16 
5/19/06 6:51:31 PM PLANTER SOYBEANS E-W 621 17.00 453730.02 4656269.29 
5/19/06 6:52:13 PM PLANTER SOYBEANS E-W 622 12.70 453742.25 4656303.45 
5/19/06 6:52:56 PM PLANTER SOYBEANS E-W 623 16.00 453747.44 4656338.76 
5/19/06 6:53:34 PM PLANTER SOYBEANS E-W 624 16.00 453715.34 4656322.50 
5/19/06 6:54:09 PM PLANTER SOYBEANS E-W 625 6.40 453684.32 4656302.72 
5/26/06 6:47:21 PM PLANTER CORN E-W 626 32.10 440193.17 4693365.55 
5/26/06 6:48:33 PM PLANTER CORN E-W 627 43.50 440229.79 4693364.49 
5/26/06 6:49:18 PM PLANTER CORN E-W 628 37.30 440265.86 4693363.63 
5/26/06 6:50:15 PM PLANTER CORN E-W 629 29.50 440263.78 4693327.93 
5/26/06 6:51:28 PM PLANTER CORN E-W 630 27.80 440260.72 4693292.05 
5/26/06 6:52:13 PM PLANTER CORN E-W 631 39.00 440227.51 4693290.85 
5/26/06 6:52:54 PM PLANTER CORN E-W 632 36.10 440191.53 4693302.45 
5/26/06 7:09:49 PM PLANTER CORN N-S 633 45.30 441533.32 4689992.69 
5/26/06 7:10:38 PM PLANTER CORN N-S 634 52.60 441543.85 4689955.59 
5/26/06 7:11:20 PM PLANTER CORN N-S 635 52.50 441552.89 4689919.98 
5/26/06 7:11:57 PM PLANTER CORN N-S 636 54.10 441582.76 4689914.18 
5/26/06 7:12:36 PM PLANTER CORN N-S 637 45.50 441612.86 4689902.64 
5/26/06 7:13:25 PM PLANTER CORN N-S 638 49.20 441631.05 4689926.92 
5/26/06 7:14:05 PM PLANTER CORN N-S 639 48.20 441649.65 4689952.49 
5/26/06 7:15:48 PM PLANTER CORN N-S 640 46.80 441623.94 4690046.17 
5/26/06 7:16:32 PM PLANTER CORN N-S 641 54.10 441612.98 4690081.24 
5/26/06 7:17:16 PM PLANTER CORN N-S 642 41.50 441607.26 4690119.59 
5/26/06 7:18:03 PM PLANTER CORN N-S 643 37.80 441597.24 4690152.44 
5/26/06 7:18:49 PM PLANTER CORN N-S 644 40.90 441585.70 4690183.99 
5/26/06 7:20:02 PM PLANTER CORN N-S 645 34.90 441554.57 4690203.87 
5/26/06 7:20:52 PM PLANTER CORN N-S 646 34.40 441509.37 4690215.17 
5/26/06 7:51:12 PM PLANTER CORN E-W 647 22.30 440117.47 4688674.53 
5/26/06 7:51:56 PM PLANTER CORN E-W 648 24.70 440155.02 4688666.62 
5/26/06 7:52:35 PM PLANTER CORN E-W 649 19.00 440187.64 4688660.42 
5/26/06 7:53:11 PM PLANTER CORN E-W 650 21.20 440189.79 4688623.02 
5/26/06 7:53:50 PM PLANTER CORN E-W 651 37.40 440174.25 4688587.80 
5/26/06 7:54:26 PM PLANTER CORN E-W 652 33.90 440138.41 4688587.00 
5/26/06 7:55:05 PM PLANTER CORN E-W 653 27.30 440102.40 4688597.48 
5/26/06 8:15:21 PM PLANTER SOYBEANS E-W 654 33.00 442308.98 4674294.81 
5/26/06 8:16:27 PM PLANTER SOYBEANS E-W 655 47.10 442313.31 4674285.89 
5/26/06 8:16:38 PM PLANTER SOYBEANS E-W 656 40.50 442313.58 4674284.59 
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5/26/06 8:16:50 PM PLANTER SOYBEANS E-W 657 32.70 442313.56 4674282.92 
5/26/06 8:17:03 PM PLANTER SOYBEANS E-W 658 39.00 442310.77 4674277.95 
5/26/06 8:17:17 PM PLANTER SOYBEANS E-W 659 40.20 442307.97 4674271.50 
5/26/06 8:17:26 PM PLANTER SOYBEANS E-W 660 42.30 442310.27 4674267.59 
5/30/06 9:15:19 PM PLANTER SOYBEANS N-S 662 31.90 442262.37 4669681.62 
5/30/06 9:17:00 PM PLANTER SOYBEANS N-S 663 27.80 442221.80 4669670.11 
5/30/06 9:17:44 PM PLANTER SOYBEANS N-S 664 33.70 442209.16 4669689.83 
5/30/06 9:18:33 PM PLANTER SOYBEANS N-S 665 32.90 442214.54 4669724.58 
5/30/06 9:19:28 PM PLANTER SOYBEANS N-S 666 37.20 442229.11 4669755.55 
5/30/06 9:20:28 PM PLANTER SOYBEANS N-S 667 38.40 442219.66 4669794.86 
5/30/06 9:21:40 PM PLANTER SOYBEANS N-S 668 38.30 442221.82 4669822.79 
5/30/06 9:23:11 PM PLANTER SOYBEANS N-S 669 40.40 442251.82 4669804.96 
5/30/06 9:24:11 PM PLANTER SOYBEANS N-S 670 33.00 442267.83 4669777.07 
5/30/06 9:39:01 PM PLANTER SOYBEANS N-S 671 18.00 440813.67 4675900.86 
5/30/06 9:39:43 PM PLANTER SOYBEANS E-W 672 34.80 440843.63 4675914.86 
5/30/06 9:40:32 PM PLANTER SOYBEANS E-W 673 24.30 440874.95 4675927.00 
5/30/06 9:41:18 PM PLANTER SOYBEANS E-W 674 29.30 440888.02 4675894.87 
5/30/06 9:41:55 PM PLANTER SOYBEANS E-W 675 17.50 440885.16 4675864.54 
5/30/06 9:42:38 PM PLANTER SOYBEANS E-W 676 38.90 440852.62 4675855.19 
5/30/06 9:43:23 PM PLANTER SOYBEANS E-W 677 24.70 440818.88 4675866.95 
5/31/06 2:34:49 PM PLANTER CORN N-S 678 41.60 450684.05 4648394.52 
5/31/06 2:35:40 PM PLANTER CORN N-S 679 32.80 450686.97 4648357.48 
5/31/06 2:36:29 PM PLANTER CORN N-S 680 42.80 450701.11 4648325.56 
5/31/06 2:37:12 PM PLANTER CORN N-S 681 57.30 450730.42 4648312.40 
5/31/06 2:37:51 PM PLANTER CORN N-S 682 50.10 450760.74 4648304.05 
5/31/06 2:38:43 PM PLANTER CORN N-S 683 59.90 450792.55 4648292.35 
5/31/06 2:39:22 PM PLANTER CORN N-S 684 32.80 450787.42 4648327.92 
5/31/06 2:40:03 PM PLANTER CORN N-S 685 50.00 450781.57 4648361.27 
5/31/06 3:39:04 PM PLANTER SOYBEANS E-W 687 25.30 457543.12 4646588.25 
5/31/06 3:39:54 PM PLANTER SOYBEANS E-W 688 34.70 457553.02 4646558.02 
5/31/06 3:41:35 PM PLANTER SOYBEANS E-W 689 36.30 457561.66 4646524.66 
5/31/06 3:42:22 PM PLANTER SOYBEANS E-W 690 22.70 457522.40 4646518.42 
5/31/06 3:43:21 PM PLANTER SOYBEANS E-W 691 25.50 457487.53 4646530.29 
5/31/06 3:44:19 PM PLANTER SOYBEANS E-W 692 22.30 457489.25 4646563.96 
5/31/06 3:45:29 PM PLANTER SOYBEANS E-W 693 28.80 457498.97 4646596.65 
5/31/06 4:13:22 PM PLANTER CORN N-S 694 43.50 450712.87 4646898.68 
5/31/06 4:14:35 PM PLANTER CORN N-S 695 48.70 450699.44 4646932.27 
5/31/06 4:15:48 PM PLANTER CORN N-S 696 35.20 450688.30 4646959.92 
5/31/06 4:16:28 PM PLANTER CORN N-S 697 32.50 450659.21 4646986.03 
5/31/06 4:17:14 PM PLANTER CORN N-S 698 30.60 450626.26 4646993.66 
5/31/06 4:18:08 PM PLANTER CORN N-S 699 38.00 450633.18 4646955.86 
5/31/06 4:18:52 PM PLANTER CORN N-S 700 42.80 450647.73 4646923.38 
5/31/06 4:32:06 PM PLANTER CORN N-S 701 37.20 453938.29 4650458.42 
5/31/06 4:32:56 PM PLANTER CORN N-S 702 42.30 453906.29 4650441.23 
5/31/06 4:33:40 PM PLANTER CORN N-S 703 36.20 453872.11 4650427.02 
5/31/06 4:34:26 PM PLANTER CORN N-S 704 29.20 453870.83 4650464.41 
5/31/06 4:35:09 PM PLANTER CORN N-S 705 33.70 453876.70 4650496.20 
5/31/06 4:35:53 PM PLANTER CORN N-S 706 52.60 453905.72 4650502.30 
5/31/06 4:36:37 PM PLANTER CORN N-S 707 52.80 453937.55 4650493.03 
6/1/06 6:01:37 PM PLANTER CORN E-W 708 4.70 452342.26 4647679.23 
6/1/06 6:03:19 PM PLANTER CORN E-W 709 9.50 452308.20 4647685.38 
6/1/06 6:04:08 PM PLANTER CORN E-W 710 2.10 452276.52 4647697.25 
6/1/06 6:05:47 PM PLANTER CORN E-W 711 4.50 452241.02 4647715.62 
6/1/06 6:06:58 PM PLANTER CORN E-W 712 3.40 452239.30 4647748.02 
6/1/06 6:07:41 PM PLANTER CORN E-W 713 4.40 452264.61 4647774.87 
6/1/06 6:08:25 PM PLANTER CORN E-W 714 9.90 452292.49 4647793.19 
6/1/06 6:10:14 PM PLANTER CORN N-S 715 42.10 452395.81 4647798.78 
6/1/06 6:11:08 PM PLANTER CORN N-S 716 40.80 452415.87 4647825.30 
6/1/06 6:11:53 PM PLANTER CORN N-S 717 60.00 452435.14 4647857.92 
6/1/06 6:12:37 PM PLANTER CORN N-S 718 58.10 452415.30 4647884.70 
6/1/06 6:13:22 PM PLANTER CORN N-S 719 61.50 452393.39 4647911.32 
6/1/06 6:14:08 PM PLANTER CORN N-S 720 47.20 452411.43 4647945.80 
6/1/06 6:14:52 PM PLANTER CORN N-S 721 51.00 452432.61 4647974.53 
6/1/06 6:33:57 PM PLANTER SOYBEANS E-W 722 27.10 454671.96 4644394.22 
6/1/06 6:34:48 PM PLANTER SOYBEANS E-W 723 21.10 454708.13 4644390.66 
6/1/06 6:35:27 PM PLANTER SOYBEANS E-W 724 26.50 454735.94 4644374.75 
6/1/06 6:36:29 PM PLANTER SOYBEANS E-W 725 35.90 454776.73 4644359.87 
6/1/06 6:37:05 PM PLANTER SOYBEANS E-W 726 22.80 454771.01 4644329.19 
6/1/06 6:37:48 PM PLANTER SOYBEANS E-W 727 24.50 454735.40 4644334.04 
6/1/06 6:38:48 PM PLANTER SOYBEANS E-W 728 21.90 454698.36 4644353.15 
6/1/06 6:53:19 PM PLANTER SOYBEANS E-W 730 17.50 455107.90 4643228.38 
6/1/06 6:54:07 PM PLANTER SOYBEANS E-W 731 17.60 455100.77 4643259.33 
6/1/06 6:54:52 PM PLANTER SOYBEANS E-W 732 25.20 455084.75 4643282.01 
6/1/06 6:55:59 PM PLANTER SOYBEANS E-W 733 41.30 455055.60 4643281.82 
6/1/06 6:56:43 PM PLANTER SOYBEANS E-W 734 21.00 455043.92 4643249.33 
6/1/06 6:57:36 PM PLANTER SOYBEANS E-W 735 14.60 455061.32 4643225.90 
6/1/06 6:58:06 PM PLANTER SOYBEANS E-W 736 16.40 455078.00 4643219.69 
6/1/06 7:36:38 PM PLANTER SOYBEANS N-S 739 43.20 458986.66 4646060.87 
6/1/06 7:37:17 PM PLANTER SOYBEANS N-S 740 35.60 458993.57 4646086.00 
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6/1/06 7:37:53 PM PLANTER SOYBEANS N-S 741 39.20 459021.57 4646103.97 
6/1/06 7:38:29 PM PLANTER SOYBEANS N-S 742 24.70 459050.07 4646111.39 
6/1/06 7:39:07 PM PLANTER SOYBEANS N-S 743 41.20 459080.64 4646095.86 
6/1/06 7:39:59 PM PLANTER SOYBEANS N-S 744 35.70 459103.27 4646069.45 
6/1/06 7:40:42 PM PLANTER SOYBEANS N-S 745 28.60 459072.46 4646042.98 
6/1/06 8:14:18 PM PLANTER CORN N-S 746 5.30 455679.21 4652323.78 
6/1/06 8:15:06 PM PLANTER CORN N-S 747 4.10 455675.68 4652300.87 
6/1/06 8:15:44 PM PLANTER CORN N-S 748 3.20 455664.87 4652272.07 
6/1/06 8:16:23 PM PLANTER CORN N-S 749 2.50 455631.83 4652261.36 
6/1/06 8:17:01 PM PLANTER CORN N-S 750 2.40 455598.24 4652252.13 
6/1/06 8:17:40 PM PLANTER CORN N-S 751 5.40 455603.29 4652288.00 
6/1/06 8:18:22 PM PLANTER CORN N-S 752 1.60 455612.88 4652320.51 
6/1/06 8:26:36 PM PLANTER SOYBEANS N-S 753 7.30 456228.58 4652543.56 
6/1/06 8:27:22 PM PLANTER SOYBEANS N-S 754 26.70 456218.98 4652574.34 
6/1/06 8:28:08 PM PLANTER SOYBEANS N-S 755 14.50 456209.48 4652600.67 
6/1/06 8:29:03 PM PLANTER SOYBEANS N-S 756 21.40 456180.46 4652616.77 
6/1/06 8:29:42 PM PLANTER SOYBEANS N-S 757 22.90 456149.73 4652622.32 
6/1/06 8:30:30 PM PLANTER SOYBEANS N-S 758 18.20 456166.24 4652592.80 
6/1/06 8:32:43 PM PLANTER SOYBEANS N-S 759 30.50 456183.46 4652565.30 
6/3/06 5:30:37 PM PLANTER CORN N-S 760 57.90 455265.96 4653170.07 
6/3/06 5:31:35 PM PLANTER CORN N-S 761 45.30 455307.34 4653168.14 
6/3/06 5:32:51 PM PLANTER CORN N-S 762 63.90 455351.60 4653163.05 
6/3/06 5:33:38 PM PLANTER CORN N-S 763 44.20 455384.29 4653162.47 
6/3/06 5:35:48 PM PLANTER CORN N-S 764 65.00 455398.63 4653161.09 
6/3/06 5:37:19 PM PLANTER CORN N-S 765 49.70 455434.62 4653156.79 
6/3/06 5:39:13 PM PLANTER CORN N-S 766 51.90 455485.93 4653155.36 
6/3/06 5:53:32 PM PLANTER SOYBEANS E-W 767 33.70 455303.63 4657365.09 
6/3/06 5:54:25 PM PLANTER SOYBEANS E-W 768 31.10 455341.32 4657372.81 
6/3/06 5:55:14 PM PLANTER SOYBEANS E-W 769 33.30 455373.23 4657381.12 
6/3/06 5:56:00 PM PLANTER SOYBEANS E-W 770 18.60 455404.71 4657366.67 
6/3/06 5:56:50 PM PLANTER SOYBEANS E-W 771 35.80 455437.32 4657354.62 
6/3/06 5:57:41 PM PLANTER SOYBEANS E-W 772 28.10 455393.41 4657345.09 
6/3/06 5:58:35 PM PLANTER SOYBEANS E-W 773 20.20 455357.52 4657339.77 
6/3/06 6:24:39 PM PLANTER CORN E-W 774 50.40 450820.04 4672381.19 
6/3/06 6:25:27 PM PLANTER CORN E-W 775 47.40 450848.17 4672370.26 
6/3/06 6:26:09 PM PLANTER CORN E-W 776 62.80 450866.71 4672345.34 
6/3/06 6:26:52 PM PLANTER CORN E-W 777 41.90 450838.37 4672327.21 
6/3/06 6:27:38 PM PLANTER CORN E-W 778 48.80 450805.33 4672324.67 
6/3/06 6:28:26 PM PLANTER CORN E-W 779 57.00 450773.27 4672344.32 
6/3/06 6:29:08 PM PLANTER CORN E-W 780 51.90 450775.81 4672372.62 
6/3/06 7:18:33 PM PLANTER CORN N-S 781 40.40 454976.97 4661803.22 
6/3/06 7:20:19 PM PLANTER CORN N-S 782 58.50 454988.76 4661837.38 
6/3/06 7:21:02 PM PLANTER CORN N-S 783 58.20 454962.16 4661858.09 
6/3/06 7:21:52 PM PLANTER CORN N-S 784 65.00 454933.32 4661873.63 
6/3/06 7:22:46 PM PLANTER CORN N-S 785 56.50 454902.40 4661886.04 
6/3/06 7:23:54 PM PLANTER SOYBEAN N-S 786 32.10 454846.41 4661901.02 
6/3/06 7:24:35 PM PLANTER SOYBEAN N-S 787 33.60 454818.81 4661916.19 
6/3/06 7:25:23 PM PLANTER SOYBEAN N-S 788 34.00 454791.19 4661929.69 
6/3/06 7:26:14 PM PLANTER SOYBEAN N-S 789 35.30 454764.00 4661922.83 
6/3/06 7:27:02 PM PLANTER SOYBEAN N-S 790 35.80 454759.95 4661891.77 
6/3/06 7:27:53 PM PLANTER SOYBEAN N-S 791 31.50 454790.96 4661871.03 
6/3/06 7:28:40 PM PLANTER SOYBEAN N-S 792 32.30 454824.85 4661849.34 
6/3/06 7:30:00 PM PLANTER CORN N-S 793 46.40 454893.32 4661824.85 
6/3/06 7:30:52 PM PLANTER CORN N-S 794 57.60 454928.68 4661815.74 
5/17/06 9:22:57 PM PLANTER CORN N-S 456 15.30 452412.87 4647046.33 
11/23/05 9:48:55 PM RIPPER CORN N-S 51 81.90 450440.29 4669921.02 
11/23/05 9:50:25 PM RIPPER CORN N-S 52 71.60 450443.44 4669898.42 
11/23/05 9:51:37 PM RIPPER CORN N-S 53 68.90 450452.53 4669879.48 
11/23/05 9:52:56 PM RIPPER CORN N-S 54 70.10 450471.90 4669893.96 
11/23/05 9:54:16 PM RIPPER CORN N-S 55 71.40 450475.23 4669917.07 
11/26/05 8:20:18 PM RIPPER SOYBEANS E-W 137 43.10 440798.03 4690205.60 
11/26/05 8:21:26 PM RIPPER SOYBEANS E-W 138 37.00 440761.87 4690214.23 
11/26/05 8:22:28 PM RIPPER SOYBEANS E-W 139 27.00 440738.57 4690233.68 
11/26/05 8:23:15 PM RIPPER SOYBEANS E-W 140 31.20 440739.20 4690259.77 
11/26/05 8:24:00 PM RIPPER SOYBEANS E-W 141 32.50 440766.60 4690270.83 
11/26/05 8:30:36 PM RIPPER CORN N-S 147 47.00 440976.02 4690119.70 
11/26/05 8:31:49 PM RIPPER CORN N-S 148 36.70 440966.67 4690085.91 
11/26/05 8:32:37 PM RIPPER CORN N-S 149 29.10 440948.87 4690058.67 
11/26/05 8:33:31 PM RIPPER CORN N-S 150 33.10 440925.18 4690032.22 
11/26/05 8:34:29 PM RIPPER CORN N-S 151 41.70 440907.51 4690052.54 
11/26/05 8:47:23 PM RIPPER CORN N-S 157 37.80 441561.42 4689868.51 
11/26/05 8:48:21 PM RIPPER CORN N-S 158 38.30 441558.80 4689899.62 
11/26/05 8:49:19 PM RIPPER CORN N-S 159 34.70 441561.82 4689933.09 
11/26/05 8:50:04 PM RIPPER CORN N-S 160 36.90 441565.20 4689959.90 
11/26/05 8:50:52 PM RIPPER CORN N-S 161 29.80 441561.35 4689991.40 
11/26/05 8:53:38 PM RIPPER CORN N-S 162 35.00 441581.25 4690111.48 
11/26/05 8:54:24 PM RIPPER CORN N-S 163 23.90 441579.43 4690140.18 
11/26/05 8:55:13 PM RIPPER CORN N-S 164 35.70 441572.52 4690167.45 
11/26/05 8:55:56 PM RIPPER CORN N-S 165 38.50 441561.05 4690191.42 
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11/26/05 8:56:48 PM RIPPER CORN N-S 166 38.00 441533.84 4690203.67 
4/12/06 7:43:49 PM RIPPER CORN E-W 172 7.30 450137.86 4645721.66 
4/12/06 7:46:24 PM RIPPER CORN E-W 173 22.00 450089.00 4645726.82 
4/12/06 7:48:52 PM RIPPER CORN E-W 174 3.00 450055.45 4645767.58 
4/12/06 7:52:29 PM RIPPER CORN E-W 175 1.70 450028.98 4645793.67 
4/12/06 7:54:28 PM RIPPER CORN E-W 176 5.70 450067.47 4645827.27 
4/12/06 7:55:55 PM RIPPER CORN E-W 177 2.10 450120.69 4645813.76 
4/12/06 7:57:33 PM RIPPER CORN E-W 178 8.20 450170.08 4645786.02 
4/12/06 10:14:10 PM RIPPER SOYBEANS E-W 207 9.30 449549.94 4645496.34 
4/12/06 10:15:20 PM RIPPER SOYBEANS E-W 208 5.90 449604.98 4645505.95 
4/12/06 10:16:24 PM RIPPER SOYBEANS E-W 209 6.70 449649.56 4645520.62 
4/12/06 10:17:17 PM RIPPER SOYBEANS E-W 210 9.30 449650.11 4645558.92 
4/12/06 10:18:18 PM RIPPER SOYBEANS E-W 211 7.70 449646.49 4645593.74 
4/12/06 10:19:25 PM RIPPER SOYBEANS E-W 212 10.80 449594.65 4645568.20 
4/12/06 10:20:26 PM RIPPER SOYBEANS E-W 213 7.80 449560.03 4645555.31 
4/13/06 7:50:16 PM RIPPER SOYBEANS E-W 214 9.20 449530.45 4645882.88 
4/13/06 7:51:45 PM RIPPER SOYBEANS E-W 215 5.90 449581.15 4645903.25 
4/13/06 7:53:01 PM RIPPER SOYBEANS E-W 216 10.50 449628.35 4645918.46 
4/13/06 7:56:05 PM RIPPER SOYBEANS E-W 217 7.80 449626.47 4645959.82 
4/13/06 7:57:02 PM RIPPER SOYBEANS E-W 218 12.70 449626.47 4646007.19 
4/13/06 8:01:18 PM RIPPER SOYBEANS E-W 219 16.20 449580.91 4646005.77 
4/13/06 8:03:13 PM RIPPER SOYBEANS E-W 220 9.90 449532.77 4645976.13 
4/17/06 9:07:45 PM RIPPER SOYBEANS E-W 286 12.20 449540.44 4645888.55 
4/17/06 9:10:13 PM RIPPER SOYBEANS E-W 287 8.40 449593.27 4645898.35 
4/17/06 9:12:32 PM RIPPER SOYBEANS E-W 288 18.20 449634.54 4645914.16 
4/17/06 9:15:03 PM RIPPER SOYBEANS E-W 289 13.30 449640.77 4645956.12 
4/17/06 9:17:31 PM RIPPER SOYBEANS E-W 290 8.90 449644.11 4645997.37 
4/17/06 9:20:31 PM RIPPER SOYBEANS E-W 291 12.30 449588.29 4645994.99 
4/17/06 9:23:13 PM RIPPER SOYBEANS E-W 292 13.00 449547.42 4645957.71 
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